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INTRODUCTION 

The  Directives  of  the  24th  Congress  of  the  CPSU  place  pritiary  eophasis  on 
the  developoent  of  the  production  and  application  of  polymeric  materials  in  the 
national  economy.  This  is  due  to  the  fact  that  along  with  metals,  polymeric 
materials  have  become  one  of  the  basic  construction  materials,  without  which 
further  progress  in  technology  and  improvement  in  the  standard  of  living  of 
society  are  unthinkable. 

Polymeric  materials  have  low  density,  high  resistance  to  corrosive  media, 
nonmagnetic  properties,  low  coefficient  of  friction  and  high  resistance  to  wear, 
workability,  etc. 

\A 

The  use  of  pol^/meric  materials  in  ship  machine  building  permits  the  success- 
ful solution  of  such  important  problems  as  reducing  the  mass,  increasing  the  tra- 
veling speeds,  improving  service  life  and  reliability,  economizing  scarce  non- 
ferrous  metals,  raising  labor  productivity,  and  reducing  labor  intensity  and 
operating  costs.  The  volume  of  production  and  consumption  of  polymeric  mater- 
ials is  increasing  each  year.  ^ While  in  1940  the  world  production  of  polymeric 
materials  was  only  200,000  tons,  by  1970^ their  production  had  reached  25.0 
million  tons,  i.a.,  increased  125-fold.  ';;^long  with  the  increase  in  the  volume 
of  production  of  polymeric  materials,  their  assortment  e.xpands  each  year.,  Thus, 
while  the  first  plastic,  celluloid,  was  synthesized  in  1369,  one  hundred  years 
later  over  a thousand  brands  of  polymeric  materials  were  in  existence. The 
polymeric  materials  known  at  the  present  time  possess  a wide  range  of  properties 
and  belong  to  different  categories  of  compounds,  from  polyolefins  (polyethylene, 
etc.)  to  polyorganosilicoelemental  compounds  (polyboroorganostloxanes , poiytitano- 
organosiloxanes , etc.). 

' In  ship  machine  building,  pol^nneric  materials  are  used  in  the  manufacture  of 
ship  propellers,  parts  of  various  mechanisms  and  devices,  sliding  bearings,  seals, 
as  anticorrosion  coatings,  etc. _ 

" 

In  the  Soviet  Union,  the  first  screw  propellers  of  textolite  (resin- iaoreg- 
nated  fabric  laminate)  and  sheet-steel-reinforced  textolite,  0.42  a and  0.63  a 
In  diameter,  were  made  back  in  1938  under  the  supervision  of  Prof.  3.  A.  Arkhan- 
gel*skiy.  However,  tests  of  these  propellers  showed  that  the  textolite  did  not 
possess  the  necessary  properties  and  did  not  make  for  reliable  propellers. 

After  World  War  II,  the  advent  of  new  high-strength  plastics  started  inten- 
sive studies  aimed  at  applying  plastics  to  the  manufacture  of  screw  propellers. 

Abroad,  plastic  screw  propellers  are  produced  In  Denmark,  England,  Holland, 
?RG,  Japan,  and  Che  USA.  Abroad,  propellers  up  Co  2 m In  diameter  are  mace 
from  polycarbonates,  glass-reinforced  polyformaldehyde , ABC  plastics,  nvlon, 
uitraaide,  and  polypropylene. 


Numbers  In  Che  right  margin  indicate  pagination  in  the  original  text. 
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In  the  USA,  lexan  polycarbonate  is  used  in  the  production  of  12  standard  sizes 
of  propellers.  The  propeller  production  amounts  to  over  150,000  items  per  year. 

The  cost  of  lexan  propellers  is  much  lover  than  that  of  metal  ones. 

Screw  propellers  are  very  difficult  to  standardize,  making  it  necessary  to 
work  out  specific  methods  of  manufacture  excluding  the  use  of  complex  and  expensive 
equipment.  Thus,  to  reduce  the  costs  of  production,  the  Dutch  companies  Lips  and 
Bayer  have  developed  a method  of  centrifugal  casting  of  articles  with  a mass  up  to 
200  kg  from  thermoplast s . This  method  was  used  for  casting  nylon  propellers 
with  a diameter  of  1.7  m and  a mass  of  130  kg,  and  detachable  blades  for  controllable^ 
pitch  propellers  4 m in  diameter. 

To  overcome  these  difficulties,  the  West  German  company  Basf  has  proposed 
ultranide  (the  Soviet  analog  of  which  is  caprolon),  which  is  processed  into 
articles  by  free  casting  in  ooen  molds^®  in  the  production  of  propellers. 

Thermoplastic  propellers  are  workable  in  fabrication  and  have  a small  mass 
and  high  damping  properties.  However,  their  scope  of  application  is  limited  to 
small-load  propellers  for  low-speed  ships  because  of  the  relatively  low  strength 
and  rigidity  of  thermoplastics  (tensile  strength,  7.0  kgf/mm^;  normal  elasticity 
modulus,  7 X 10  *■  kgf /mm")  . 

At  the  present  time,  the  strongest  synthetic  construction  materials  are 
polymers  reinforced  with  glass  fibers,  i.  e.  , fiber  glass  plastics.  Work  aimed 
at  the  development  of  plastics  reinforced  with  carbon  fibers,  boron  fibers  and 
high-strength  organic  fibers  has  been  conducted  in  the  last  few  years. 

In  1961  in  the  USSR,  propellers  were  made  from  fiber  glass  plastics  by  the 
methods  of  hot  pressing  and  contact  and  vacuum  molding  in  diameters  of  0.3  to 
6 m.^*  At  the  present  time,  plastic  propellers  are  well  established  and 

are  being  successfully  operated  on  over  200  ships.  Soviet  plastic  propellers 
have  been  demonstrated  at  international  expositions  in  Moscow,  Montreal  and  Rostock. 

In  Japan,  fiber  glass  plastic  propellers  are  made  by  contact  molding.  By 
1966,  over  300  propellers  from  0.3  to  1.9  m in  diameter  had  been  installed  on 
ships  of  the  fishing  and  cargo-passenger  fleet,  ixperience  in  the  operation  of 
these  propellers  proved  successful.^'  It  was  found  that  the  useful  life  of 
fiber  glass  plastic  propellers  during  navigation  in  shallow-water  Japanese  rivers 
and  rivers  full  of  rapids  is  equivalent  to  that  of  bronze  propellers,  i.  e.,  three 
years.  A substantial  reduction  in  the  wear  of  stem  bearings  and  a decrease  in 
vibration  were  obsen/ed  during  the  operation,  this  being  particularly  important 
for  passenger  ships. 

Polymeric  materials  are  used  in  foreign  shipbuilding  in  the  fabrication  of 
fittings.  Heat-resistant  polymers  such  as  polyformaldehyde,  ABC  plastics,  or 
polysulfones”*^  are  usually  employed  for  this  purpose. 

A positive  effect  was  obtained  by  using  metallized  and  fiber  glass  reinforced 
thermoplastics.  For  example,  fittings  made  of  thermoplasts  with  a chromium 
coating  were  found  to  be  useful  on  series-produced  superships  built  by  the  Japanes 
firm  Hitachi  and  Finnish  timber  carriers. 

Pol/Tseric  materials  are  also  used  in  the  manufacture  of  pioes,  since  they 
considerably  increase  the  useful  life  of  pipelines.  Soviet  industry  has  mastered 
the  production  of  pipes  from  low  and  high  density  polyethylene.  The  first  plastic 
pipes  were  made  in  1962  and  installed  on  the  VOLGODON  motorship. 
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The  low  frictloa  coefficienc  and  low  wear  of  pol>Tners,  the  possibility  of 
operation  without  lubricants,  resistance  to  corrosive  media,  and  absence  of 
corrosive  action  on  metals  permit  the  use  of  polymers  in  the  production  of  slid* 
ing  surface  bearings  of  ship  shaftings,  steering  gear,  machines  and  mechanisms.  /7 
Fluorocarbon  plastics,  nylon,  laminates,  polyacetyl  resins,  polyformaldehyde 
and  polyamides  have  found  application  as  antifriction  materials. 

The  mechanical  and  antifriction  qualities  of  these  materials  are  considerably 
improved  by  introducing  glass  fiber,  graphite,  molybdenum  disulfide,  nonferrous 
metal  powders  and  other  additives.  The  Polymer  Corporation  (USA),  for  example, 
makes  a special  antifriction  material,  "nylon*tron,"  consisting  of  nvlon  66  with 
an  addition  of  30%  chopped  glass  fiber  and  3%  molybdenum  disulfide. Thanks  to 
these  auditions,  the  composition  obtained  has  higher  heat  resistance  and  stability 
to  hydrolysis  than  the  pure  polymer,  lower  creep  under  load,  and  lower  friction 
coefficient.  Materials  filled  with  additives  make  it  possible  to  increase  the 
work  loads  by  a factor  of  1.5*2. 

As  a rule,  the  bearings  are  made  only  from  filled  materials,  which  can  be 
produced  in  a fairly  wide  assortment. 

Special  metal*plascic  materials  consisting  of  a steel  base  with  porous  tin 
bronze  impregnated  with  fluorocarbon  plastic  and  applied  on  the  steel  base  nave 
been  developed  for  parts  operating  under  heaviesc*duty  conditions.  Searings  of 
this  material  have  high  resistance  to  wear  and  corrosive  media,  high  thermal 
conductivity,  and  small  thermal  expansion,  so  chat  they  can  be  used  over  a wide 
temperature  range,  from  -200  to  300*C,  and  at  high  specific  pressures,  and  also 
without  lubricants.  The  wear  of  these  bearings  is  5*7  times  less  than  that  of  oil- 
lubricated  bronze  bearings. 

In  the  last  few  years,  extensive  studies  have  been  conducted  by  the  Soviet 
industry  on  the  use  of  pol>'meric  materials  such  as  polyamides,  f luoroplastlcs  and 
polyethylene  for  Che  fabrication  of  bearings;  the  greatest  success  was  achieved 
by  using  caprolon. 

The  piping  of  hydraulic  and  pneumatic  systems  is  sealed  with  many  seals  whose 
role  in  these  systems  is  extremely  important.  The  pressure,  speeds  and  tempera- 
tures of  Che  media  as  well  as  the  service  life  and  reliability  of  operation  of  the 
actuating  mechanisms  are  lagely  determined  by  the  state  of  the  seals. 

At  the  present  cine,  rubber  is  widely  used  in  the  manufacture  of  seals.  How- 
ever, in  many  mechanisms  and  devices,  rubber  cannot  meet  the  stated  requirements. 

In  Che  USA,  England,  FRG  and  many  ocher  countries,  the  specific  volume  of  rubber 
use  is  being  systematically  reduced,  while  the  manufacture  of  seals  of  polymeric 
materials  correspondingly  increases.  Polyurethanes,  fluorocarbon  plastics  filled 
with  glass  fiber,  metal  and  silicate  powders,  and  glass-filled  nylon  and  polyformalde- 
hyde have  been  used  in  the  fabrication  of  seals. 

The  use  of  pol\*meric  coatings  Is  required  for  protection  of  metal  products 
used  in  contact  with  seawater.  The  use  of  polymeric  coatings  makes  it  possible 
CO  replace  nonferrous  metals,  extend  the  service  life,  and  improve  the  performance 
characteristics. 

In  many  cases,  when  paint  and  varnish  coatings  are  replaced  by  polymeric  ones, 

Che  useful  life  of  the  parts  increases  owing  to  the  characteristics  of  the 
technology  of  applicacion  of  the  coatings  and  structuraJ  and  physicomechanicai 


properties  of  Che  polymeric  film.  The  presence  of  pores  in  paint  and  varnish  coat- 
ings, caused  by  the  evaporation  of  solvents  in  the  course  of  film  fomacion,  may 
cause  a decrease  in  the  protective  characteristics  of  the  coatings  under  heavy 
duty  operating  conditions.  Polymeric  coatings  are  more  plastic,  and  are  therefore 
more  resistant  to  impact  loads  and  protect  more  effectively  from  various  types  of 
chemical,  electrochemical  and  atmospheric  corrosion  during  exposure  to  mechanical 
stresses. 

The  function  of  individual  types  of  polymers  and  the  selection  of  the  method 
of  application  of  coatings  are  determined  by  considering  the  characteristics  of 
the  articles  being  protected,  their  service  conditions,  and  the  chemical  nature 
of  Che  polymers  and  properties  of  the  coatings  based  on  them.  Among  various  high 

molecular  compounds,  chose  chat  have  become  most  popular  in  Soviet  and  foreign  ship-  i 

building  have  been  coatings  based  on  epoxy  resins,  polyurethanes,  chlorinated  rub- 
bers, fluorlnated  hydrocarbons,  and  various  modifications  based  on  them. 

Rubbers  hold  a specialplace  among  coatings  because  of  their  exceptional  re-  /8 
siscance  to  abrasive  and  hydroabrasive  erosion,  and  also  to  cavicacional  effects. 

Such  coatings  withstand  repeated  alternating  deformations,  strong  vibration  loads 
and  sharp  temperature  fluctuations  better  than  other  coatings.  In  their  resistance 

to  corrosive  media,  rubbers  surpass  most  metals  and  are  therefore  widely  used  for  « 

Che  anticorrosion  protection  of  various  parts.  The  greatest  effectiveness  is  j 

achieved  when  simultaneous  protection  from  corrosive  and  abrasive  wear  is  required. 

Urethane  coatings,  which  harden  in  the  presence  of  moisture,  as  well  as  urethane-  I 

base  film  and  paint-and-vamish  materials  have  become  widesoread  in  shipbuilding.  ; 

i 

A valuable  category  of  polymeric  materials  are  fluorinated  pol;.mers.  Coatings  ! 

based  on  Ftorlon  lacquers  and  powdered  fluorocarbon  plastics  find  extensive  applica- 
tions thanks  to  varied  dielectric  properties  and  excellent  antifriction  and  anti- 
corrosion characteristics.  Depending  on  the  function  of  the  protective  coating, 
powdered  fluorocarbon  plastics  may  be  used  as  the  base  for  the  development  of 
compositions  ensuring  the  applicability  of  the  coating  under  specified  service 
conditions.  This  is  achieved  by  individual  preparation  of  the  powder  (increasing 
the  bulk  density,  selecting  a definite  particle  size  distribution  and  shape  of 
the  powder  particles),  introducing  stabilizers,  plasticizers  and  fillers  providing 
for  the  technological  and  performance  characteristics  of  the  coatings,  and  by  us- 
ing primers  of  certain  compositions. 

At  the  present  time,  protective  coatings  based  on  epoxy  resins  and  possessing 
the  necessary  adhesion  to  metals,  mechanical  strength  and’  chemical  stability  have 
become  most  popular.  Poiyepoxides  are  most  frequently  used  in  the  form  of  powder 
coatings,  whose  composition  Includes  hardeners,  modifiers,  and  fillers.  Increas- 
ing the  elasticity  by  modifying  with  various  polymeric  compounds,  introducing  powder 
fillers  to  reduce  the  coefficient  of  linear  expansion,  and  reinforcing  with  con- 
tinuous glass  fiber  and  microglass  fiber  makes  it  possible  to  obtain  higher-quality 
coatings. 

The  use  of  antifriction  pol3nQeric  coatings  applied  on  a metal  base  makes  it 
possible  to  improve  the  removal  of  heat  and  promotes  the  stabilization  of  the  di- 
mensions of  mating  friction  members.  The  change  in  dimensions  is  smaller  for  members 
with  thin-layer  coatings  than  for  monolithic  parts  from  polymers.  The  best  anti- 
friction materials  for  coatings  are  polyamides,  fluorocarbon  plastics,  and  penta- 
plast. 


Despite  their  high  cose  ♦ pencapiasc  coatings  are  used  rather  extensively  in 
many  countries,  thanks  to  their  exceptional  chemical  stability,  noncombustibllity , 
and  attractive  mechanical  and  dielectric  properties.  The  stability  of  pentaplast- 
base  coatings  exposed  to  the  prolonged  action  of  seawater  promotes  its  extensive 
use  in  shipbuilding. 

Experience  shows  that  in  ship  machine  building,  the  materials  used  most  ex- 
tensively for  construction  articles  and  anticorrosion  coatings  are  hot-pressed 
epoxy-glass  plastics,  caprolon,  polycarbonate,  polyformaldehyde , polyamides,  fluoro- 
carbon plastics,  polyethylene,  polypropylene  and  pentaplast. 

It  is  useful  in  this  connection  to  systematize  and  correlate  the  operating 
experience  accumulated  thus  far,  as  well  as  the  e.xperlmental  data  on  the  properties 
and  technology  of  processing  of  these  materials  into  articles  used  in  ship  machine 
building. 
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Chapter  1.  BIOTERS  FOR  FIBER  GLASS  PLASTICS  USED  IN  THE  PRODUCTIOH  OF  ARTICLES 
FOR  SHIP  MACHINE  BUILDING 

1.  General  Description  of  Fiber  Glass  Plastics 

Fiber  glass  plastics  are  cooposite  aaterials  based  on  various  types  of  glass  /9 
fillers  (glass  fabrics,  glass  fibers,  glass  xats,  glass  roving,  etc.)  and  polymeric 
binding  materials.  At  the  present  tine,  fiber  glass  plastics  are  the  strongest 
synthetic  materials.  Important  advantages  of  fiber  glass  plastic  over  ocher  tradi- 
tional structural  materials  (metals,  alloys,  wood)  Include  high  specific  strength 
and  corrosion  resistance,  attractive  dielectric  properties,  nonmagnetic  character, 
low  sensitivity  to  mlcroconcenCrators , and  high  vibration  and  impact  resistance. 

In  many  cases,  fiber  glass  plastics  are  Irreplaceable  materials.  Their  use 
for  articles  in  ship  machine  building  permits  easy  fabrication  of  parts  of 
diverse  geometric  complexity  with  maximum  mechanization  of  the  production  proc- 
esses and  a substantial  reduction  of  fabrication  labor  intensity;  at  the  same 
time,  Che  properties  of  a fiber  glass  plastic  can  be  varied  over  a vide  range  in 
accordance  with  the  type  of  reinforcing  and  binding  materials  and  the  processing 
method  employed. 

The  mechanical  properties  of  fiber  glass  plastics  are  primarily  determined 
by  Che  strength  of  Che  glass  filler,  its  content,  and  the  orientation  of  the  re- 
inforcing fibers  in  Che  polvTaeric  binder. 

A compatible  operation  of  Che  reinforcing  filler  is  provided  for  by  the 
polymeric  binder.  The  creation  of  monolithic  fiber  glass  plastics  is  possible  only 
through  the  use  of  binders  possessing  sufficient  wettability,  high  cohesive  and 
adhesive  strength,  and  low  shrinkage. 

On  the  basis  of  monolithic  conditions  for  fiber  glass  plastics  of  oriented  /iO 

structure  (reinforced  with  fibers  and  fabrics) , several  authors'*  have  formulated 
Che  requirements  for  the  mechanical  characteristics  of  binders,  taking  into 
consideration  the  strength  properties  of  the  reinforcing  fibers  (Table  1). 


Table  1 

Requirements  for  the  mechanical  properties  of  binders  for  fiber  glass  plastics 


Property 

! Relnforceaenc  wlch  glass  fiber 

1 

1 Alkali-free 

High-modulus 

1 Strength,  kgf /mm  m 

1 tensile 

7 

12.5 

• compressive 

1 20  1 

24 

1 shear 

1 3.5 

6.3 

1 Elongation,  ", 

i 5 1 

5 

* Modulus  of  cension,  kgf/rsj^ 

1 450 

^ 1 

570 

Low  water  absorption  is  also  required  from  binders  for  fiber  glass  plastics 
used  in  ship  building  and  in  seawater  or  in  humid  climatic  conditions.  Practice 
shows  that  binders  with  an  intrinsic  water  absorption  no  greater  than  1-2%  ensure 
an  adequate  water  resistance  of  fiber  glass  plastics. 
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In  Che  production  of  articles  nade  of  fiber  glass  plastics,  the  binders  used 
aosc  extensively  are  polyester,  organosilicon,  phenol-fonnaldehyde  and  epoxy  ones. 

In  each  specific  case,  the  choice  of  the  type  of  fiber  glass  plastic  is 
determined  by  the  requirements  imposed  on  the  articles  and  by  the  operating  condi- 
tions. Thus,  for  articles  operating  at  elevated  temperatures  under  relatively 
small  loads,  use  is  made  of  organosilicon  fiber  glass  plastics,  which  possess 
high  heat  resistance.  Drawbacks  of  organosilicon  fiber  glass  plastics  include  their 
brittleness,  low  mechanical  strength  and  considerable  cost. 

For  large-sized  articles  produced  In  small  quantities,  for  which  the  fabrica- 
tion of  expensive  equipment  is  uneconomical,  and  on  which  low  strength  and  water 
resistance  requirements  are  Imposed,  i;  is  desirable  to  use  polyester  f'ber  glass 
plastics  processed  mainly  by  contact  molding.^ 

Phenol-formaldehyde  glass  plastics,  which  have  high  water  and  heat  resistance 
and  considerable  rigidity,  are  used  for  structural  and  electrical  applications  /II 

at  temperatures  up  to  200®C,  and  up  to  250*C  for  short  periods,  1-2  h. 

The  most  advantageous  combination  of  high  strength  properties  and  water  resist- 
ance marks  fiber  glass  plastics  based  on  epoxy  binders.  The  application  of  epoxy 
binders  permits  the  fullest  use  of  the  strength  of  fiber  glass.  Sufficient  experi- 
ence ’With  the  fabrication  and  operation  of  various  articles  from  epoxy-glass 
plastics  has  now  been  accumulated  that  confirms  the  promising  outlook  for  the 
application  of  these  materials. 

Almost  all  existing  methods  for  processing  fiber  glass  plastics  into 
articles  are  being  used  in  the  fabrication  of  articles  for  ship  machine  building. 
However,  the  most  popular  ones  are: 

impregnation  of  the  glass  filler  under  pressure; 

vacuum-compression  molding; 

pressing. 

The  choice  of  the  fabrication  method  depends  on  many  factors,  including  batch 
production,  strength  requirements,  seir/ice  conditions,  and  shape  and  size  of  the 
article.  However,  in  all  cases  the  selected  method  should  produce  a material 
uniform  in  density  and  proportion  of  the  components,  and  a sufficient  stability  of 
the  properties  during  service. 

In  Che  first  two  processing  methods  indicated  above,  the  binder  under  pressure 
is  fed  into  a rigid  hermetic  mold.  In  many  cases,  evacuation  of  the  glass  filler 
is  used  to  reduce  Porosity  . The  porosity  of  the  fiber  glass  plastic  decreases 
with  increasing  impregnation  pressure.  However,  even  under  optimum  conditions, 
the  porosity  of  fiber  glass  plastics  obtained  by  impregnation  under  pressure  or 
vacuum-compression  molding  is  6-8*,  which  results  in  a significant  decrease  in  the 
water  resistance  of  the  articles.  ^ 

The  pressing  method  provides  for  the  greatest  water  resistance  and  stability 
of  the  properties.  The  use  of  a high  specific  pressure  makes  it  possible  to  obtain 
intricate-shaped  articles  of  sufficiently  dense  and  homogeneous  structure  and  low 
porosity  (no  greater  than  3%  by  volume).  Articles  made  by  pressing  can  be  used 
in  water  without  additional  protection  against  water.  The  method  of  hot  pressing 
has  found  extensive  applications  in  ship  machine  building.  For  many  years,  this 
method  has  been  used  to  make  blades  and  cones  of  ship  propellers  and  other  articles. 
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The  individual  physicotnechanical  properties  of  fiber  glass  plastics  cade  by  these 
three  aethods  are  listed  in  Table  2. 

In  connection  with  Increased  requirements  for  the  strength  and  water  resistance 
of  materials  used  for  asking  articles  for  ship  machine  building,  the  widest  use 
has  been  made  of  epoxy-glass  plastics  made  by  pressing.  For  this  reason,  the 
properties,  starting  materials  and  pressing  characteristics  of  articles  from  /12 

epoxy-glass  plastics  are  considered  in  cost  detail  below. 

Table  2 

Properties  of  epoxyamine  fiber  glass  plastics  made  by  different  aethods 


I Method  of  Preparation 


. Property 

i 

Vacuun- 

comoression 

■ 

Impregna- 
tion under 
pressure 

Pressing 

■ Binder  content,  % 

40-45 

40-45 

22-26 

1 Porosiry,  Z 

5-3 

8-11 

1.5-2 

, Density,  g/cm^ 

1.3 

1.7 

2.0-2. 1 

Compression  strength,  kgf/am*^ 

40-45 

30-38 

50-55 

bending  strength,  kgf/am^ 

50-65 

37-58 

70-80 

1 Water  absorption  in  24  h,  % 

0.05 

0.08 

0.005 

2.  Epoxy  Resins  ] 

i 

Epoxy  resins,  which  are  one  of  the  chief  components  of  the  binder,  are  character-  I 

ized  by  the  presence  in  their  structure  of  several  epoxy  groups  -CH-Cjl-,  which  are  i 

0 j 

extremely  reactive.  Epoxy  resins  are  a mixture  of  oligoaers  of  different  molecular  j 

masses  (from  250  to  4000)  and  become  practically  valuable  only  after  their  cross-  ' 

linking,  i.  e.,  conversion  into  a cured  polymer  of  reticulate  structure  by  means  j 

of  special  compounds  - curing  agents.  j 

Epoxy  compounds  were  first  synthesized  in  1934  by  Shpak,  and  on  the  basis  of  | 

these  compounds,  Kastan  (De-Terll_Co. , Switzerland)  in  1938  prepared  a plastic  which 

he  used  in  dental  technology.’'  ; 

AC  Che  present  time,  there  is  almost  no  area  of  industry  that  does  not  use 
epoxy  resins.  In  the  Soviet  Union,  epoxy  resins  have  been  produced  since  1955, 
and  this  production  has  now  increased  over  30-fold. 

Epoxy  compounds  are  produced  in  two  ways:  by  direct  epoxidation  of  unsaturated 

c apounds  with  peracids  and  by  reacting  epichlorohydrin  or  dlchiorohydrin  with 
compounds  containing  a labile  hydrogen  atom. 

Resins  obtained  by  the  first  method  are  called  cycloaliphatic  epoxy  resins. 

Their  production  on  an  industrial  scale  is  limited  because  of  the  explosiveness  /13 

of  Che  existing  peracids. 

Resins  based  or.  epichlorohydrin  and  obtained  by  the  second  method  are  finding 
Che  most  extensive  uses.  Depending  on  the  nature  of  the  component  reacting  with 
epichlorohydrin,  these  epoxy  resins  may  be  classified  as  fellows: 
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polyglycidol  ethers  (based  on  diacoaiic  and  polyatomic  alcohols) ; 
polyglycidylamines  (based  on  amine-containing  compounds) ; 
polyglycidylamides  (based  on  amide-containing  compounds). 

Diphenylolpropane  (diane  or  bisphenol  A)  is  most  frequently  used  as  the  di- 
atomic alcohol  in  the  preparation  of  polyglycidol  ethers.  The  resins  obtained  by 
reacting  diphenylolpropane  with  epichlorohydrin  comprise  90Z  of  the  total  pro- 
duction of  epoxy  resins  and  are  known  by  the  name  of  epoxydiane  resins,  of  the 
general  formula 


CH,— CH— CH,-lO  — R-C— CH,-CH— CH;l,-0  — R — 
'^0-'  OH 

-0-CH,— CH-CH., 

where  R is  ® 


CH, 


Depending  on  the  conditions  of  synthesis  and  ratio  of  epichlorohydrin  to 
diphenylolpropane,  epoxydiane  resins  with  a molecular  mass  from  250  to  -*000  are  ob- 
tained. The  molecular  mass  of  the  resin  determines  the  state  of  aggregation  of  the 
resin  and  its  physicomechaaical  properties.  Resins  with  a molecular  mass  up  to  400 
are  liquid,  those  with  a molecular  mass  up  to  400-800  are  viscous  (softening  point, 
13-20'’C),  and  those  with  a molecular  mass  above  300  are  solid  with  a softening 
point  above  50*C. 

The  main  characteristics  of  Soviet  and  foreign  epoxydiane  resins  are  given  in 
Table  3. 

In  discussing  the  molecular  masses  of  epoxy  resins,  one  must  not  forget 
that  these  masses  are  average  values.  Actual  epoxy  resins  are  polydisperse,  i.  e., 
mixtures  of  oligomers  of  different  molecjlar  masses.  The  fractional  composition 
of  some  epoxydiane  resins  is  given  i-n  Table  4. 

Of  greatest  valae  are  resins  with  the  lowest  degree  of  dispersion  and  a con-  /14 

stant  fractional  composition  from  one  batch  to  the  next,  since  they  make  it  possible 
to  obtain  reproducible  results  and  hardening  products  of  ordered  structure. 

During  the  hardening,  the  highest-molecular  oligomers  react  first,  and  the 
majority  of  unreacted  epoxy  groups  are  in  the  composition  of  the  monomer. 

Studies  aimed  at  creating  epoxy  resins  of  low  dispersity  are  being  conducted 
in  Che  Soviet  induscir.-.  A nav  state  standard  (GOST  10537-72)  was  developed  in 
1972  which  stipulates  a large  number  of  eopxy  resin  brands  with  a narrower  grada- 
tion of  molecular  mass,  epox^.-  group  content  and  other  qualitative  indices. 
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Table  3. 

Main  characteristics  of  Soviet  and  foreign  epoxyaiane  resins 


Brand  of  Resin 

Average 

molecular 

mass 

.Suraber  of 
epox'/  groups 

Softening 
temperature,  ’C  | 
1 

1 Epon-1009  (USA) 

3800 

1.4 

145-155  ; 

; E-05  (USSR) 

3500 

1.5-2. 5 

120  1 

Epon-1007  (USA) 

2900 

2. 2-2. 4 

127-133 

, Epon-1004  (USA) 

1400 

4. 3-4. 7 

95-105  i 

! ED-8  (USSR) 

800-10C0 

8-10 

Araldice  B (Switzerland) 

1000 

9-11 

- 

! Epon-1001  (USA) 

900 

8.6 

64-76  1 

1 CHS-epoxy-2000  (Czechoslovakia) 

350 

9-10 

1 

ED-10  (USSR) 

600-800 

11-14 

Epon-864  (USA) 

- 

i3 

40-45  , 

1 ED-14  (USSR) 

600 

14-16 

30  1 

ED- 16  (USSR) 

460-540 

16-13 

10 

Epon-334  (USA) 

4-0 

14.3 

1 

0 

1 

GO 

ED-20  (USSR) 

340-450 

20-22 

- 

CHS-eooxy-ilOO  (Czechoslovakia) 

380 

20-25 

Epon-328  (USA) 

380 

22 

8-12  ! 

; ED-22  (USSR) 

330 

22-24 

! 

j Epon-562  (USA) 

319 

27 

Fractional  ccnposition  or  epoxydiane  resins 


Content^  of 


Resin  Brand 

Monomer 

Dimer 

Triaer 

Higher  Fractions 

n*0 

n»l 

n*2 

n :>  3 

ED- 20 

80-90 

10-17 

2-3 

0 

ED-16 

50-60 

15-20 

3-10 

5-10 

ED-10 

25-30 

13-15 

8-10 

45-50 

ED-8 

13-17 

12-15 

9-12 

55-60 

In  each  specific  case,  the  choice  of  the  epoxy  resin  brand  is  deterrained  by 
Che  technology  of  fabrication  and  purpose  of  the  article.  Thus,  iapregnation 
under  pressure  and  vacuum-cotcpression  nolding  require  epoxy  resins  of  low  viscosity 
in  order  to  ensure  a quality  impregnation  of  the  glass  filler  with  binders  without 
a solvent  (from  the  binder  melt). 

In  the  pressing  method  employing  preimpregnated  glass-reinforcing  materials 
(from  a solution  of  the  binder),  it  is  desirable  to  use  resins  of  high  viscosity, 
which  prevents  the  resin  from  leaking  out  ac  high  specific  pressures. 

However,  in  selecting  the  resins  for  pressing,  one  must  not  try  to  use  resins 
with  Che  highest  viscosity  and  molecular  mass,  since  an  increase  in  molecular  mass 
is  inevitably  associated  with  a decrease  in  specific  functionality  and  hence,  a de- 
crease in  Che  number  of  cross-links  and  cohesive  strength  of  the  hardened  procuct. 
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In  addition,  it  is  necassary  to  consider  the  known  law  governing  epoxydiane  resins, 
to  the  effect  that  Che  specific  functionality  affects  not  only  the  quality  of  the 
cross  links,  but  also  the  packing  density  of  the  aacroraolecules.  There  is  a certain 
value  of  Che  nolecular  tiass  of  the  resin  corresponding  to  the  opcinua  packing  density, 
nutnber  of  cross  links  and  technological  v;  ..osicy. 

A resin  of  this  type,  which  satisfies  the  above  requirenents , is  resin  of 
brand  ED-13  TU  No.  P-267-70,  developed  for  hoc  pressing.  Ed-13  resin  is  prepared 
from  diphenylolpropane  sulfate;  it  is  highly  viscous,  with  an  average  molecular 
mass  of  700-750  and  13-15)»  of  epoxy  groups.  ED-13  resin  is  characterized  by  a 
narrow  fractional  composition  with  a predominance  of  oligomers  with  a degree  of 
polymerization  n ■ 3-4,  providing  for  a great  stability  of  its  properties. 

Resorcinol  and  furfuryiresorcinol  are  also  used  as  diatonic  alcohols  in  the 
synthesis  of  polygiycidol  ethers.  Two  methods  of  sy  ••.hesis  of  polyglycidol  ethers 
based  on  resorcinol  are  currently  in  use: 

(a)  condensation  of  resorcinol  with  epichioro ‘•''drin  to  form  polyglycidol 
ether  of  resorcinol  (RES-3  resin); 

(b)  polycondensacion  of  resorcinol  and  epoxicacion  of  the  oligooxyphenylene 
obtained  with  epichlorohydrin  to  fora  polygiycidol  ether  oligoox>*pher4ylene 
(EPOF-5  resin) . 

Polyglyci_dol_ethers  based  on  resorcinol  are  rigid-chain  reactive  oligomers 
with  the  minimum  distance  between  epoxy  groups  for  aromatic  compounds.  In  compari- 
son with  ethers  obtained  by  epoxidation  of  oligooxyphenylene,  polyglycidol  ethers 
obtained  by  epoxidation  of  resorcinol  have  slightly  greater  elongation  (6-3^1), 
but  lower  heat  resistance.’** 

The  UP-63  oligomer  based  on  furfuryiresorcinol  has  the  following  structural  / 
formula: 


,1  > 'I 

!!  CcH,-!  ■ 

\/ 

'I  I 

0 6-c 


0-CH,-CH-CH, 


0-CH,-CH-CH, 


The  synthesis  is  carried  out  in  two  steps.  In  the  first  step,  furfuryl  alcohol 
reacts  with  resorcinol  in  the  presence  of  acetic  acid  catalyst  to  form  the  inter- 
mediate compound  furfuryiresorcinol.  In  the  second  step,  furfuryiresorcinol  in 
the  presence  of  alkali  reacts  witn  enichlorohydrin  to  form  furfuryiresorcinol  di- 
glycidol  ether. 

Resins  based  on  furfuryiresorcinol  are  characterized  by  a high  content  of 
epoxy  groups  (21-23a) , and  hardened  binders  and  fiber  glass  plastics  based  on  them 
are  characterized  by  high  strength. 


The  polyatomic  alcohol  used  in  the  synthesis  of  polyglycidol  ethers  is  penta- 
erythritoL.  The  tetraglycidol  ether  synthesized  from  it  also  has  high  strength 
in  the  cured  state  (UP-635). 
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Using  resorcinol  and  pencaerychricol , che  industry  produces  resins  of  brands 
UP-63.  UP-67,  RES-3,  ZPOF-5  and  UP-635. 

The  2iain  characteristics  of  polyglycidoi  ethers,  binders  and  fiber  glass 
plastics  based  on  thea  are  listed  in  Tables  5 and  6. 


Table  5 

Principal  characteristics  of  poiygiycldic  esters  based  on  polyatomic  alcohols 


! 

! " 

■■  ir  ■■ 

w • 

2 

Strength,  kgf/mm 

!n! 

[ 

Resin 
1 Brand 

i 

Initial 

Components 

Content  of 
Kpoxy  Croup 

A w 

- ^ 

c. 

a. 

'i  « 

£ 

> 

■A 

1 

Percentage 
elongat Ion, 

C 

A ^ 

s u 

'j  ‘j 

3 -J 

icP-oJ 

1 

1 

Resorcinol,  epi- 
chlorohydrin, 
furfuir^i  alcohol 

i 21-23 

1 

1 

600 

9 

20 

7.2 

2.3 

140 

;R2S-3 

Resorcinol,  epi- 
chlorohydrin 

j 22-25 

10 

11.5 

23 

7.2 

2.2 

120 

'UP-635 

Pencaerychritol , 
epichlorohvdrin 

127-30 

1 

3 

13.8 

28 

9.6 

2.4 

- 

; EPOF-5 
; 

Polyoxyphenylene , 
epichlorohydrin 

1 13-22 

i 

- 

800 

12.5 

*> 

3 

1.3 

163 

Table  6 

Mechanical  properties  of  fiber  glass  plastics  based  on  polyglycidoi  ethers  /I 


Property 

1 UP-63 

1 R£3-3 

1 UP-635  1 

EPOF-5  1 

i , ”) 

Strength,  kgf/Tnni*': 

I 

1 

1 

1 

1 1 

1 

compressive 

63 

1 62 

! 68 

66 

bending 

92 

i 93 

i 9S  1 

97 

interlaminar  shear 

7.3 

j 7,3 

9.0 

S.O 

1 Impact  strength,  kgf  m/cm*’ 

1 4.3 

1 ^-3 

1 4.2  ! 

4.0 

PoLyglycidy lamlnes  are  obtained  from  primary  and  secondary  aliphatic  and 
aromatic  asiines.  The  synthesis  is  carried  out  in  two  steps:  the  first  step  in- 

volves the  formation  of  chlorohydrlns  from  epichlorohydrin  and  the  corresponding 
amine,  and  che  second  step  consists  in  dehydrochiorinacion. 

The  attention  given  to  poiyglycidylamines  is  due  to  their  high  strength  combined 
with  heat  resistance. 

.imine-containlng  epoxides  frecuencly  have  low  viscosity  and  are  therefore 
used  as  active  diluents  of  epoxy  binders  for  fiber  glass  plastics  fabricated  bv 
vacuum  aoldirg  and  winding. 
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Depending  on  che  structure  or  the  initial  amino-containing  nononer,  oligomers 
with  different  properties  may  be  obtained.  Thus,  the  use  of  halogen-containing 
amines  makes  it  possible  to  produce  fire-resistant  epoxy  resin.*'.  A high  fire 
resistance  is  exhibited  by  oligomers  synthesized  from  epichlorohydrin  and  N-penca- 
chlor jphenylechyienedianiine  and  from  epichlorohydrin  and  chlorinated  aniline.®' 

Among  glycidylmono^aines , the  highest  adhesive  and  cohesive  strength  is  ey.- 
hibited  by  epoxidlzed  p-aminophenol.  Binders  based  on  it,  cured  with  aromatic 
sulfones  or  amines,  are  used  for  articles  made  by  hot  pressing. 

The  viscosity  of  polyglycidylamines  is  considerably  increased  by  using  primary 
diamines  as  the  starting  material  in  the  synthesis  of  epoxy  oligomers.  The  compounds 
thus  obtained  are  tetrafunctional , Az:ong  primary  diamines,  use  is  made  of  d,4*-ii- 
aminodiphenylme thane , 3 , 3* -dimethox;/-4 ,4' -diaminodiphenylmechane , 3, 3 '-dichloro-'* 
diaminodiphenylme thane , and  3, 3* -dibromc -4 ,4 '-diaminodiphenylcethane.  The  use  of 
4,4'-diaminodiphenylpropdne  and  metaphenylenediamine  has  also  been  proposed. 

In  the  USSR,  tetrafunctional  glycidyiamines  based  on  primary  diamines  have  also 
been  s'mthesized  and  are  being  produced. 

Attention  is  drawn  to  the  hign  strength  characteristics  of  cured  tetrafunctional 
polyglycidylamines  and  to  their  relatively  high  viscosities.  From  the  standpoint  /13 
of  their  properties,  tetrafunctional  polyglycidylamines  are  promising  materials  and 
may  be  recommended  for  use  in  the  composition  of  binders  for  hot-pressed  fiber 
glass  plastics. 

On  the  Industrial  scale,  polyglycidylamines  are  made  under  the  f cllr’. f ng  brand 
designations:  EA,  UP-610,  cKhD,  and  metoion.®^  The  main  characterlstici  c:  these 

resins  and  binders  and  fiber  glass  plastics  based  on  them  are  given  in  Tabl-s  7 and  3. 


Table  7 

Main  characteristics  of  polyfunctional  nitrogen-containing  epoxy  resins 


Resin 

i 5 

a 

BB 

• 

Initial 

CczDonencs 

^ a.  Q — sc 
-1  n a.  u -y  2- 

c Sj  a.  « 

a V,.  :c  M 

u s T 

|g 

n 

n 

Poly-  ' ZA 
■ glycidyii- 

Aniline,  epichlorohy- 
irin 

30 

1.2 

3.5 

17.5 

5 

1.3 

115 

iCaines  'UP-610 

i 

Par aami nophenol,  epi- 
chlorohydrin 

28 

23 

S.l 

2.6 

120  , 

j Metolon 

i 

3,3* -dinechoxy-4 , 4 * - 
diaminodiphenyl- 
methane,  epichloro- 
hydrin 

30 

900 

9 

26 

1 ® 

130  1 

1 

1 ■ EKhD 

1 1 

! 1 

i i 

3,3' -dichloro-4 ,4 ' - 
diaminodipheny 1- 
mechane,  epichloro- 
hydrin 

26 

20 

13 

27 

9 

2.3 

165 

' 

! 

Ipbly-  i ETs 
glvcidylr 
amides  ' 

Cyanurlc  acid,  epi- 

chlorohvdrin 

' 

30 

Solid 

pro  - 
duct 

7.5 

13 

4.2 

1.5 

lao  ■ 
i 

' 1 ZTsD- 

1 

Cyanurlc  acid,  di- 
phenylolpropane, 
epichlorohydrin 

20 

730 

9 

6.3 

2.1 

160  ! 
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Table  8 

Mechanical  properties  of 
resins 


fiber  glass  plastics  based  on  nitrogen-containing  epo>r/ 


Property 

EA 

UP-610 

Metolon 

EKhD 

ETs 

ETsD-13  ' 

i , 2 

j Strength,  kgr/mm  : 

1 compressive 

63 

69 

69 

42 

- 

60 

bending 

79 

96 

97 

98 

68 

90  1 

• interletiinar  shear  ^ 

6.9 

9.2 

9.0 

9.8 

6 . 5 

7.8  i 

1 Impact  strength,  kgf  c/cm" 

4.3 

4.1 

4.3 

4.0 

4.0 

4.0  1 

A general  aechod  of  preparation  of  polyglycidylamides  is  the  reaction  of  aaides  /19 
vith  eipchlorohycrin,  sotnetices  in  the  presence  of  catalysts  (for  example,  cotrplexes 
of  borontrif luoride) , followed  by  dehydrochlorination. 

Among  giycidylamides,  the  best  known  are  derivatives  of  cyanuric  acid  (cyanurates) , 
The  domestic  industry  produces  triglycidyl  Isocyanurate  (ETs-K) , a mixture  of  mcno- 
and  diglycidyl  isocyanurates  (£Ts-N),  a mixture  of  mono-,  di-  and  triglycidyl  Isc- 
cyanurates  (ETs) , as  well  as  composites  of  epoxycyanurace  and  epoxydiane  resins. 

The  main  characteristics  of  the  indicated  compounds  as  well  as  those  or  binders 
and  fiber  glass  ploscics  based  on  them  are  given  in  Tables  7 and  8. 


Triglycidyl  isocyanurate  (ETs-rC) 


I 

CHj— CH-CHj-O-C 


— 0— CH;— CH-CH. 
N '0  ' 

C-0-CH;-CH-CH. 


' O' 


is  a monomeric  crystalline  product  with  a melting  point  of  156*C,  marked  by  a 
comparatively  high  specific  functionality  (content  of  epoxy  groups,  41—^2^). 

Along  with  a compact  molecular  structure  and  the  presence  of  a SNToecric  isocyanurate 
heterocycle,  the  high  specific  functionality  provides  for  the  formation  of  a 
reticulate  polyraer  with  a high  cross-linking  density,  rigidity  and  heat  resistance. 


The  glass  transition  point  of  cured  triglycidyl  isocyanurate  is  195*C,  and  the 
Martens  temperature  is  Z30®C.  The  reactivity  of  triglycidyl  isocyanurate  with 
amines  is  so  high  that  it  is  practically  impossible  to  process  compositions  basec 
on  it.  In  addition,  at  room  temperature  it  does  not  dissolve  in  any  of  the  known 
solvents,  and  partially  crystallizes  on  cooling  from  solutions  obtained  at  90- 
100*C. 


A mixture  of  mono-  and  diglycidyl  isocyanurates  (ETs-N)  cured  with  amir.es  or 
anhydrides  is  inferior  to  triglycidyl  isocyanurate  in  heat  resistance  and  strength, 
but  is  conveniently  characterized  by  lover  activity  and  solubility  in  ordinary 
solvents.  Therefore,  ETs-N  resin  is  widely  employed  in  various  branches  of  industry’ 
for  the  fabrication  of  articles  used  at  high  temperatures.  The  use  of  ETs-N*  resin 
for  the  fabrication  of  fiber  glass  plastics  for  shipbuilding  applications  is  un- 
aesirable  because  o:  high  brittleness  and  low  u er  resistance  as  compared  to 

those  'f epox^/diane  oligomers.  In  order  to  obtain  composition  of  satisfactory  heat 


U 


i ^ 

- 

3) 

0 = 

^e 

V s 
M C 

^ i ; 

OJ  -C 

0 

> 

Brand 

Chemical  Composition 

? " 
■Z  S3 

? 5 ti 
1 = " 

= f 1 = s 

a o a*  ia 

Z ‘J  tc 
->  u ^ 
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reslscancd  combined  vich  a high  screngch  nd  reactivity,  the  ETsD-13  composition 
was  developed,  based  on  ETs  epoxycyanurace  resin  and  ZD-13  epoxydiane  resin. 

In  Che  oligomers  discussed  above,  the  epoxide  a-oxy  ring  and  nitrogen-contain- 
ing group  were  separated  by  a methylene  group.  Sometimes  the  epoxy  and  nitrogen- 
containing  groups  are  so  far  apart  that  their  mutual  influence  on  the  reactivity 
o£  the  oligomers  is  absent. In  this  case,  the  nitrogen-containing  group  is  an 
internal  modifier  that  improves  the  properties  of  the  oligomers.  This  group  of 
oligomers  includes  polyglycidylaaides , the  synthesis  of  which  is  based  on  aminolysis 
of  methyl  esters  of  apoxidlzed  fatty  acids  or  on  the  epoxidation  of  unsacuracec. 
aliphatic  polyamides.  Curing  with  compounds  of  boron  trifluoride  forms  elastic 
polymers  for  electrical  insalatlotv  coatings.  A disadvantage  of  epoxidized  poly- 
amides which  limits  their  application  in  shipbuilding  is  reduced  water  resistance. 

As  was  noted  above,  cycloaliphatic  epoxy  resins  are  prepared  by  direct  epoxida- 
cion  of  unsaturated  compounds. 

The  unsaturated  compounds  used  may  be  both  aliphatic  and 
aromatic.  On  curing,  cycloaliphat:.c  epoxy  resins  form  three-dimensional 
structures  with  a large  number  ot  cross-links.  The  latter  directly  join  the  rings, 
causing  the  high  strength  and  heat  resistance  of  the  cured  products. 

Cycloaliphatic  resins  also  possess  high  thermal  stability,  dielectric 
properties  which  are  maintained  at  high  temperatures,  and  high  atmospheric  re- 
sistance, which  permits  their  use  as  binders  for  fiber  glass  plastics  used  at 
high  temperatures  and  sealing  compounds. 

All  cycloaliphatic  epoxy  resins  axe  marked  by  low  reactivity  and  are  cured 
at  high  temperatures  by  polycarboxylic  acid  anhydrides  in  the  presence  of  accelerator 
boron  trifluoride  complexes. 

Among  rigid  cycloaliphatic  resins,  those  developed  by  Union  Carbide  Corp.  (USA) 
and  Ciba  are  well  known. ^ 

In  order  to  obtain  more  elastic  structures,  cycloaliphatic  resins  are  modified 
by  increasing  the  distance  between  the  aromatic  rings  and  thereby  decreasing  the 
heat  resistance  to  some  e.xcenc. 

The  properties  of  the  best-known  cycloaliphatic  resins  cured  with  aetaphenylene- 
dlamine  are  given  in  Table  9. 


3.  Curing  Agents 

The  presence  of  two  types  of  functional  groups  - epoxy  and  hydroxyl  - in 
epoxy  oligomers  makes  it  possible  to  cure  them  with  various  substances.  Depend- 
ing on  the  nature  of  the  curing  agent,  the  curing  may  take  place  with  the  pre- 
dominant participation  of  epoxy  groups,  hydroxyl  groups,  or  both  simultaneously. 
Curing  agents  reacting  with  epoxy  groups  include  polyamines  and  polycarboxylic 
acids  and  their  anhydrides.  Curing  agents  curing  through  hydroxyl  groups  include 
compounds  with  isocyanate  groups.  Curing  with  phenol-formaldehyde  resins  in- 
volves the  participation  cf  both  epoxy  and  hydroxyl  groups. 
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0<apetvdt:\g  on  the  type  of  curing  agent,  curing  say  cake  place  at  rootn  or 
higher  cemperature.  Tor  articles  used  in  ship  aachine  building,  it  is  preferable 
to  use  so-called  hoc-curing  agencs,  which  provide  for  the  highest  screngch  properties 
of  the  structures  and  an  adequate  period  of  storage  of  the  press  materials. 

The  increased  useful  life  of  c.he  cocposites  is  an  important  factor  which  mak.es 
it  possible  to  use  the  highly  productive  mechanized  impregnation  of  glass  fabrics. 

The  selection  of  a given  curing  agent  is  determined  in  each  case  by  the  fabrica- 
tion technology,  structure,  and  set  of  requirements  placed  on  the  article. 

Curing  with  amines.  At  the  present  time,  a large  number  of  amine  type  curing 
agencs  are  known,  including  primary,  secondar*/  and  tertiary  amines  of  the  aliphatic 
and  aromatic  series. 

The  rates  of  reactions  with  primary  and  secondary  amino  groups  differ  only 
slightly.  Side  reactions,  for  example  between  epoxy  and  hydroxyl  groups,  are 
practically  absent.  Curing  with  amines  is  a bimolecular  reaction.  Theoretical 
calculations  of  the  reaction  rate  are  in  good  agreemer.t  with  the  experimental 
data.  Optimum  properties  of  the  comoositions  are  achieved  when  one  hydrogen  atom 
of  the  amine  corresponds  to  one  epoxy  group. 

Aliphatic  amines  have  lev  viscosity  at  room  temperature  (0-1  ? at  25*C), 
easily  mix  with  epoxy  oligomers,  and  cure  them  even  at  room  temperature. 

Disadvantages  of  aliphatic  amines  include  their  high  toxicity,  low  water  re- 
sistance and  heat  resistance  of  the  binders  during  their  use. 

Typical  representatives  of  aromatic  amines  are  m-phenylenediaaine ; 4,4*- and 
3,3’-diaminodiphenyl  sulfone,  4 ,4 ' -diaminodiphenylmechane  and  its  derivatives. 
Compositions  based  on  epoxy  oligomers  with  aromatic  amines  have  high  strength 
characteristics  and  water  and  heat  resistance.®^*  Aromatic  amines  cure  at  / 

high  temperature  (140-1S0®C) . Compositions  of  epoxy  oligomers  with  such  products 
as  4,4'-diaainodiphenyl  sulfone  remain  stable  for  several  months  at  room  tempera- 
ture, and  hence,  molding  materials  and  binders  may  be  scored  for  long  periods 
of  time  at  room  temperature. 

In  addition  to  aromatic  amines,  eutectic  mixtures  of  aromatic  amines  are  also 
used  as  curing  agencs.  The  mixtures  are  liquid  at  room  tenoerature  or  have  a low 
melting  temperature,  and  therefore  compositions  based  on  them  are  easier  to  process 
chan  compositions  with  individual  aromatic  amines. 

The  properties  of  aromatic  amines  s%*nthesized  in  the  Soviet  Union  are  listed 
in  Table  10. 

Aromatic  amines  constitute  a promising  group  of  curing  agencs  providing  for 
high  strength  and  heat  and  water  resistance  of  fiber  glass  plastics  (Table  11). 
However,  their  use  for  series-produced  articles  for  ship  machine  building  is  current- 
ly limited  by  their  high  cost,  which  results  in  a considerable  increase  in  Che 
prices  of  the  articles,  since  the  concent  of  amines  in  an  enoxv  bi.nder  is  at  least 
. ■ ' 


In  contrast  to  primary  and  secondary  amines,  tertiary  amines  do 
reactive  hydrogen  atoms,  and  curing  with  their  participation  follows 


not  contain 
a catalytic 
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lechanisn.  Cross-linking  of  the  molecules  takes  place  by  polymerization  through 
epoxy  groups. 

Curing  with  tertiary  amines  takes  place  at  temperatures  of  120-160’. 


Table  10. 

Principal  properties  of  amine  type  curing  agents 


' Curing  Agent 

1 

Physical  State 

' 

Melting 
Point,  °C 

1 

Molecular  i 

Mass  1 

’ 3, 3*  -dlaoinodiphetiyl 
j sulfone 

Vhlte  crystalline  sub-  ' 
stance  i 

110 

t 

248  j 

• 4,4*-diaminodiphenyl 
sulione 

Same  i 

150 

248  i 

i 

4,4' -dlaainodlphenyl- 
* aechane 

Same  | 

i 

92.5 

80  j 

) 

f 3,3'-dtchloro-4,4'-di- 
' aainodlphenylnechane 

Brcwn  powder  | 

I 

101 

267  1 

Me c apheny lenedi amine 

Gray  powder  ' 

63 

136.2 

; Triethanolamine  titanate 

! 

Thick  viscous  liquid,  j 
yellow  to  brown  j 

- 

'3,3  “dime choxy-4 , 4 ' -diamino- 

Gray  crystalline  sub-  | 

150 

00 

1 diphenylmethane 

Stance 

1 

{ Triechanolaalr.e 

Transparent  liquid  i 

149.2  1 

■ — ■ — ...  1 

Table  11 

Properties  of  fiber  glass  plastics  cured  with  aromatic  amines 


1 

Curing  Agents 

! Property 

i 

4,4' -diamino 

diphenyl 

sulfone 

J 3, 3*-dichloro- 
1 4,4*  -dlamlr.o- 
’ diohenvloethane 

iMeta-  j 
; phenylene- ' 
'dianlne  1 

' 2 
1 Strength,  kgf/mm  : 

j 

1 

i i 

1 tensile 

60 

i 60 

1 44  1 

‘ compressive 

54 

i 48 

1 39.3  1 

! bending 

75 

I 68 

1 54.1  1 

Interlaminar  shear 

7.4 

1 6.5 

t 6.5  i 

Impact  strength,  kgf  m/ca* 

4.4 

! ‘i.3 

1 4.0  1 

.1  considerable  number  of  curing  agents  are  known  among  tertiary  amines:  trimethyl- 

amine,  trlethylanlne,  triethanolamine,  dimethylbenzylamine.  In  the  Soviet  industry, 
triethanolamine  is  most  frequently  used  in  the  production  of  hot-pressed  fiber 
glass  plastics. 

ir-ethanola.mlne  is  obtained  by  reacting  an  aqueous  solution  of  ammonia  with 
ethylene  oxide.  i rietnanolamlne  has  the  appearance  of  a transparent,  viscous 
liquid.  It  Is  convenient  to  handle,  noncoxic,  and  mixes  readily  with  resin.  A 
disadvantage  of  trietnanolamir.e  is  its  high  hygroscoplcity . fiber  glass  plastics 


curea  ’with  ttiechar.olasvine  are  characterized  by  unstable  strength  properties, 
although  individual  samples  of  the  plastic  have  relatively  high  mechanical 
characteristics. 

Curing  with  polyamide  resins.  Epoxy  resins  ace  cured  with  lov-tnclecular 
polyamide  resins  and  methyloi  derivatives  of  polyarldes  with  a high  molecular  mass. 
Epoxypolvamlde  resins  are  marked  by  high  elasticity.  The  increase  in  elasticity 
in  this  case  is  due  to  the  comparatively  low  cross-'linking  density  and  the  introduc- 
tion of  flexible  aliphatic  linkages  into  the  polymer  structure.  Pclyanide  resins 
are  noncoxic  and  provide  for  a comparatively  long  useful  life.  The  curing  reaction 
Is  not  very  exothermic  and  takes  place  without  the  evolution  of  volatile  substances. 

"Oligoamides , ” low-molecular  polyamide  resins  similar  to  '’versamide”  foreign 
resins,  have  been  developed  by  a group  of  workers  under  the  supervision  of  K.  V%. 

Vlasova. They  are  prepared  by  using  polymerized  esters  of  fatty  acids  from 
soy  and  linseed  oils  and  diamines,  isolated  from  technical-grade  polyethylene 
polyamine  by  vacuum  discillaclcn. 

Low  molecular  polyamides  are  viscous  liquids. 

The  physicomechanical  properties  of  epoxypolyamide  resins  change  with  the  /26 

proportion  of  the  components,  and  the  best  properties  are  achieved  with  a 0^50% 
oligoanide  content.  Glass  fabric  resin  laminates  based  on  them  (of  brand  LN-50) 
are  prepared  at  specific  pressures  of  1-3  kg£/cn“  and  120-160*C. 

Mechylol  derivatives  of  polyamides  are  obtained  by  reacting  formaldehyde 
with  high-molecular  polyamides.*'* 

Glass  fabric  resin  laminate  based  on  aechylolpolyamidoepoxy  resin  (of  brand 
PEM-2)  is  obtained  by  impregnating  glass  fabric  with  an  alcohol-acetone  solution 
of  Che  resin,  then  drying  at  60-70®C.  impregnated  fabric  is  pressed  at  160°C 

and  a specific  pressure  of  30-50  kgf/cm^. 

Another  type  of  epoxypolyaaide  fiber  glass  plastic  is  material  of  brand  EDP-2, 
in  which  methylolpolyamide  resin  enters  into  the  block  copolymer  with  epox;/dimechyl- 
resorcinol  resin.  Fiber  glass  plastic  of  brand  EDP-2  Is  prepared  similarly  to 
?EM-2  material. 

The  use  of  epox^/poiyaniae  elastic  binders  makes  it  possible  to  increase  the 
resistance  of  glass  fabric  resin  laminates  to  dynamic  loads  and  to  reduce  their 
delaminacion.  Epoxypolyamide  binders  have  reduced  water  resistance  and  heat  re- 
sistance. The  most  water-resistant  of  this  group  of  materials  is  EDP-2  fiber  glass 
plastic  (Table  12). 

Curing  with  Isocyanates.  Isocyanates  (derivatives  of  N-isocyanic  acid)  are 
characterized  by  the  presence  of  a highly  reactive  radical  which  reacts  with 
the  hydroxyl  groups  present  in  the  epoxy  resins.  To  extend  the  storage  life  of 
the  compositions  and  reduce  their  toxicity  during  the  production  of  the  fiber 
glass  plastics,  pure  isocyanates  are  usually  replaced  by  their  derivatives,  for 
example,  products  of  the  reaction  of  coluyler.e  dlisocyanata  and  poiybucanedlol 
or  toluylene  diisocyanate  and  diphenylolpropane  (pol;/phenylurethane  resin) . 
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Table  12. 

Physicotnechanical  properties  or  eooxypolyaca.de  fiber  glass  plastics 


1 : 

- Property 

' Brand  of  Binder 

EDP-;  1 

PEM-2  1 

! EN-5L 

1 Strength,  kgr/ac'":  1 

! 

; 1 

; tensile 

52.0 

[ 45.0  j 

50.0 

j bending  j 

54.2  j 

42.6  ! 

! 39.5 

j compressive  ^ ,, 

43.4 

33.0 

32.5  j 

; Modulus  of  tension,  lO"*  k^f/mm*"  I 

; 3.0 

2.9 

3.1  1 

; Impact  strength,  kgf  ra/ca- 

4.  5 

; 3.4  : 

i i 

j Water  absorption  after  30  days,  * | 

1.3  1 

2.2  I 

! 3.3 

I Note.  Water  absorption  was  deter:ained  on  specixens  120  x 15  x 10  zis.  j 

I ! 


An  epo5c>’polyure:hane  binder  has  been  developed  troo  a binder  consisting  of  12 

an  epoxy  and  a polyphenylurechane  resin  caicea  in  the  proportion  of  1:1.  On  cur- 
ing, the  polyphenylurechane  resin  breaks  down  into  its  initial  coaponents,  so 
that  diphenylolpropane  and  toluylene  dlisocyanate  react  with  the  epoxy  resin. 

The  curing  reaction  of  the  epoxy  resin  'with  isocyanates  takes  place  with- 
out the  evolution  of  volatile  substances.  However,  the  main  reaction  is  accompanied 
by  the  reaction  of  isocyanate  with  moisture,  a certain  amount  of  which  is  inevitably 
present  in  the  components  of  the  fiber  glass  plastic.  This  side  reaction  cakes 
place  with  a substantial  liberation  of  carbon  dioxide,  which  is  a major  technologi- 
cal disadvantage  or  epoxypolyurechane  binders.  Fiber  glass  plastics  based  on 
epoxypolyurethane  binder^  are  processed  by  hot  pressing  at  170-180*C  and  a specific 
pressure  of  50-70  kgf/ca“. 

Epoxypolyurechane  fiber  glass  plastics  are  characterized  by  excellent  water 
resistance,  heat  resistance,  strength  properties,  and  impact  resistance. 

Properties^  of  eporcypolyurechane  fiber  glass  plastics 


Strength,  Icgf/ca^ 

tensile  54.0 

bending  62-.  0 

interlaminar  shear 7.3 

compressive  43.0 

Impact  strength,  kgf  m/ca^  5.3 

Water  absorption,  %: 

after  30  days  0.24 

after  365  days  0.49 


Curing  wich  phenol-formaldehyde  resins.  Phenol-formaldehyde  resins  con- 
stitute low-coxlclcy,  ine.xpensive  and  technologically  effective  curing  agents. 
Phenol-formaldehyde  resins  of  both  resol  and  novolac  type  are  used  for  curing. 

Fiber  glass  plastics  based  on  them  possess  a relatively  hig.h  short-time,  fatigue 
and  stress-rupture  strength,  as  well  as  water  and  heat  resistance. 

This  section  discusses  the  mechanism  of  curing  of  epoxy  resins  by  resol  type 
phenolic  resins.  The  mechanism  of  curing  with  novolac  resins  is  described  in  Ch.  10. 
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Experinencal  studies  have  established  that  the  optiauo  ratio  of  epoxy  resin 
CO  resol-cype  phenolic  resin  is  70:30.  In  view  of  che  complexity  of  the  process 
of  curing  with  phenolic  resins,  this  ratio  cannot  be  established  by  calculation. 


Caring  of  epox^/  resins  with  phenol  resins  forms  rigid  products  of  reticulate 
structure  which  provide  for  a high  strength  and  water  resistance  of  che  fiber  glass 
plastic. 


Curing  with  a resol  type  phenolic  resin  containing  phenol  and  nethylol  hydroxyl  /28 
groups  cakes  place  simultaneously  in  che  following  directions:'* 

reaction  of  che  epoxy  group  with  the  mechylol  hydroxyl  group  (reaction  1); 
reaction  of  che  epoxy  group  with  che  phenol  hydroxyl  group  (reaction  2); 
condensation  of  the  resol  resin  with  che  splitting  off  of  water  without  the 
participation  of  che  epoxy  component  (reaction  3); 

reaction  of  the  aethylol  group  with  the  secondary  hydroxyl  group  of  the 
pol;/meric  epox;/  compound  (reaction  4) ; 

reaction  of  che  epox^/  group  with  che  secondary  hydroxyl  group  of  che  polymeric 
epoxy  compound  vreacclon  5>. 


Reactions  1,  2 and  3 determine  the  quality  of  che  end  product;  the  race  of  re- 
actions 1 and  2 should  be  much  higher  than  chat  of  reaction  3 - che  condensation  of 
the  resoi  resin  itself.  Violation  of  this  condition  results  in  che  formactcn  of 
insufficiently  cured  products. 

Because  of  sceric  hindrance,  reactions  4 and  3 cake  place  at  slow  rates  and 
do  not  effectively  determine  che  quality  of  che  end  product.  Reaction  3 is  un- 
desirable, since  it  Involves  the  evolution  of  water  and  causes  a decrease  in  the 
number  of  functional  groups  of  che  curing  agent  and  hence,  the  fonaacion  of  an 
inhomogeneous,  insufficiently  cured  product  of  increased  porosity. 

Studies  have  shewn  that  che  optimum  curing  conditions  chosen  for  a given  batch 
of  phenol  resin  (bakeiice  lacquer)  do  not  provide  for  che  formation  of  products  of  the 
required  strength  as  one  passes  to  another  batch  of  che  lacquer.  As  we  know,  bakelite 
lacquer  is  a solution  of  a phenolic  resin  in  alcohol.  Vhen  bakeiice  lacquer  is 
scored  for  a long  time,  partial  polycondensacion  of  che  phenolic  resin  cakes  place, 
inevitably  resulting  in  a decrease  of  its  activity  and  hence,  a decline  of  the 
quality  of  the  cured  fiber  glass  plastic.  The  activity  of  the  phenolic  resin  as  a 
curing  agent  also  depends  on  che  conditions  of  its  synthesis  and  presence  of 
various  uncontrollable  impurities. 

The  instability  and  inuicistep  character  of  the  process  of  curing  with  phenolic 
resins,  due  to  the  formation  of  undesirable  by-products,  make  it  necessary  to  con- 
trol che  starting  materials  carefully  and  select  individual  pressing  conditions 
according  to  the  geometry  and  dimensions  of  the  article  and  characteristics  of  the 
raw  material. 

^talytic  curing.  The  catalytic  curing  of  epoxy  oligomers  is  a fairly  complex 
process  that  has  been  inadequately  studied.  The  folloving  compounds  may  be  used 
as  catalytic  type  curing  agents: 

chelate  nitrogen  or  oxygen-containing  compounds;  /29 

complexes  of  esters  or  amines  with  Lewis  acids,  etc; 

alkyl  and  cyclopentadienyl  derivatives  of  metals; 

metal  salts; 

alcohols tes , phenolates , mer cape ides; 

finely  divided  nickel,  iron,  copper,  chromium,  molybdenum,  lead; 

metal  oxides  and  hydroxides. 


HistortcaLly , ch«  first  compounds  used  as  curing  catalyses  were  chelate 
coepounds,  in  which  the  metal  atoms  are  linked  t>y  a coordinate  bond  to  the  oxygen 
or  nitrogen  included  in  the  composition  or  the  same  molecule  as  the  metal.  The 
use  of  these  chelates  for  curing  or  for  iccelcracing  tr.e  curing  of  epox*/ 
oligomers  has  been  described  in  many  patents.  Aluminum  and  cobalt  derivatives 
of  acecoacetic  ester  and  nickel  and  chromium  derivatives  of  acetylacetone  may  be 
used  for  these  purposes. 

A comparatively  short  curing  time  at  elevated  temperatures  is  exhibited  by 
epoxy  compositions  with  the  same  catalysts  as  chelate  compounds  of  divalent  and 
trivalent  cobalt,  magnesium,  nickel,  and  molybdenum  and  vanadium  oxides  with  di- 
carbonyl compounds. 

In  1960,  Elbling  and  Thomas  patented  the  use  of  compounds  in  which  the  metal 
atom  Is  linked  by  a coordinate  bond  to  the  nitrogen  atom  as  curing  agents. 

In  addition  to  chelate  compounds,  complexes  of  esters  or  amines  with  Levis 
acids  have  good  curing  properties.  Compositions  which  are  cold-resistant  and 
cure  readily  on  heating  can  be  obtained  by  using  complexes  of  tin  tetrachloride 
with  1,2-dithioechyiene  glycol  dibucyl  ester  for  curing. 

Curing  catalysts  of  the  third  group  - alkyl  and  cyclopentadienyl  derivatives 
of  metals  - have  begun  to  be  used  ve-y  recently.  The  principal  studies  are  be- 
ing conducted  in  Japan  on  compounds  of  zinc  and  aluminum.  The  use  of  this  group 
of  curing  agents  is  complicated  by  their  self-ignitability . 

In  Japan  and  the  USA,  zinc,  cadmium,  cobalt,  and  nickel  salts  of  organic 
acids  (acetic,  propionic,  benzoic)  are  being  extensively  used  as  catalysts. 

Of  great  interest  are  epoxy  compositions  cured  by  metal  alcoholates  and 
aercapeides.  Their  properties  are  unique  - the  compositions  can  be  stored  for 
long  periods  of  time  at  room  temperature,  and  they  cure  in  a few  minutes  at  100®C. 

In  recent  years,  studies  have  been  conducted  in  the  USA  on  the  curing  of  epox\' 
cotspounds  by  finely  divided  metal  powders  - nickel,  iron,  copper,  chromium,  lead, 
and  their  oxides  and  hydroxides. 

Among  curing  catalysts,  triethanolamine  citanate  is  being  produced  on  an 
industrial  scale  in  the  Soviet  Union.  The  properties  of  binders  with  different 
contents  of  triethanolamine  titanate  are  shown  in  Table  13.  Their  curing  kinetics 
are  represented  in  Fig.  L. 


Plasticization  of  Epoxy  Binders 

A disadvantage  of  epox^;  binders  is  the  brittleness  due  to  strong  Intercolecular 
interaction  and  rigidity  of  the  triaer  chains  formeo  during  the  curing. 

The  elasticity  of  the  binders  can  be  increased  by  introducing  flexible  linkages 
into  the  triaer  network,  reducing  the  interaoiecular  interaction,  and  blending  with 
polymers  having  a Low  modulus  of  elasticity.  Such  an  effect  is  achieved  by  using 
inert  plasticizers  (external  or  physical  plasticization)  and  introducing  special 
types  of  compounds  compatible  with  epoxy  oligomers  (structural  plasticization; , 


Table  13 

Phys iccr.echanicai  properties  or  epo.v/aaiine  binders  vich  differenc  concenti  of  / iO 
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Fig.  1.  Curing  kinetics  of  epojr/aaine  binder  based  on  ED-13  epox;.*  resin  at  160*C  /3i 

for  different  contents  of  the  curing  agent  - triethanclaxiae  titanate. 

1 - 52;  2 - 102;  3 - 151.  C.  - aaount  or  unreacted  epox^.*  groups,  2;  r - curing 

z Ise , h . 
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In  addition,  aiany  authors*^^  propose  to  increase  the  eiascicicy  by  decreasing 
Che  density  or  the  cross-linkages.  However,  in  practice,  a substantial  change  in 
cross  linking  density  results  in  only  a slight  change  in  the  modulus  of  elasticity, 
and  in  nany  cases  also  leads  to  an  increase  of  this  ooduius,  since  the  hign  flexi- 
bility of  the  cnains  protaotes  a denser  packing  of  them.  This  is  ccnfirmec  by 
studies  of  the  dynamic  modulus  of  elasticity  of  epoxydiane  resins  with  different 
contents  of  epoxy  groups  (10,  16,  21TO;  the  lowest  modulus  of  elasticity  is  ex-  ''22 

hibited  by  the  resin  with  21."  of  epoxy  groups. 

’One  of  the  methods  of  structural  plasticicacion  involves  blending  with  pol^-nners 
having  fle.xible  aliphatic  chains  and  terminal  functional  groups  capable  of  reacting 
with  the  epoxy  groups  of  resins.  Strong  bonds  are  thus  formed  between  the  plasticic- 
ing polymers  and  epoxy  oligomers. 

Such  plastlcication  causes  an  increase  in  the  percentage  elongation  of  the 
resin,  but  on  the  other  hand,  it  is  inevitably  related  to  a decrease  in  the  co- 
hesive strength  of  the  resin  and  its  heat  stability.  The  magnitude  of  the  plascicica- 
tion  effect  depends  not  so  much  on  the  nature  of  the  plasticiser  as  on  the  degree 
of  the  loosening  of  the  trimer  network  caused  by  it.  i.  e. , on  the  amount  of 
plasticiser.  Usually,  10-20aI  of  plasticiser  is  introduced  into  the  composition  of 
the  binder. 

Among  plasticisers  of  this  type,  the  ones  most  closely  studied  have  been  low- 
molecular  polysulfide  rubbers  - thiokols.  Thiokols  are  liquids  with  a pungent  odcr 
and  a viscosity  of  150-300  cP. 

Epoxy  resins  are  capable  of  reacting  with  liquid  thiokols  in  the  presence  of 
organic  amines  and  phenolic  resins. 

Increasing  the  thiokol  content  above  20r^  in  the  composition  of  the  binder 
causes  a sharp  decline  of  the  strength  properties  of  cured  binders  and  fiber 
glass  plastics. 

In  addition  to  polysulfide  rubbers,  plasticization  of  epoxy  fiber  glass 
plastics  is  accomplished  by  means  of  butadiene-nitrile  carbox^/lated  rubbers  of 
brands  SKM-lC-5,  SiOI-18-1,  and  SKN-26-1,  with  viscosities  from  400  to  3000  cP. 

However,  because  of  the  relatively  high  molecular  mass  and  low  reactivity 
of  the  rubbers,  the  end  products  of  curing  consist  mainly  of  a mechanical  mixture 
of  poi;.'mers  and  have  a low  cohesive  strength  (Table  14)  . 

Plasticizers  with  terminal  functional  groups  also  include  polyester  acrylate 
resins,  which  are  very  compatible  with  an  epoxy  resin.  Polyester  acrylate  plasticizers 
are  employed  most  e.xtensively  in  connection  with  Che  use  of  epox'/  resins  as  sealing 
compounds.  Such  plasticizers  have  limited  use  for  hot-pressed  fiber  glass  plastics. 

One  of  Che  methods  of  structural  plasticization  involves  the  use  as  curing 
agents  of  pol\*mers  containing  flexible  aliphatic  linkages.  Such  curing  agents 
Include  Che  above-described  oiigoamides,  and  also  a curing  agent  consisting  of 
triethanolamine  titanace.  modified  with  the  product  of  transescerificaticn  of 
castor  oil  and  triethylene  glycol. 

The  mcsc  effective  structural  plasticizers  are  aliphacit  polygiycidyl  ethers 
created  in  the  USSR  by  a group  of  co-workers  under  the  supervision  of  Slyakhman 
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and  Sicryiova.*^  Aliphatic  polyglycidol  ethers  are  obtained  by  condensing  poly- 
atotaic  alcohols  - ethylene  glycol,  diethyl«2ne  glycol  and  triechylene  glycol  vith  /33 
epichlorohydrin  in  the  presence  of  alkali  catalysts.  They  are  Icw-visccsity 
liquids  ’-rith  an  epoxy  group  content  of  23-30%, 


Table  14 

Effect  of  plasticization  with  rubbers  on  the  physicoinechanical  properties  of  epoxy- 
phenol fiber  glass  plastics 


Brand  of  Rubber  ! 

' i 

Thlokol  (20;)‘ 

'sKD-10  (20'O  i 

SKN-10-5  1 

(40S)  1 

3creng:'n  along  var?  of  fabric,  kgf/nm  ' 

! 1 

i 

' tensile  ‘ 

64.0 

53. 0 1 

46.0  ' 

compressive  | 

40.5 

t 39.2  1 

33.0  1 

> bending  | 

63.0 

57.5 

56.0  ! 

1 interlaminar  shear  i 

6.2  j 

5.6  ! 

5.4  ; 

Tensile  strength  at  45**  angle  to 

22.3  1 

i 12.4 

1 

i warp,  'jcgf/rnffi*"  | 

i 

1 i 

• Elongation.  % | 

along  warp  j 

1 

1 2.3  1 

i 2 7 

j at  45°  angla  Co  warp  | 

1 5.3 

1 5.9 

! 6.0  , 

(Note.  The  concent  of  rubbers  is  given  in  percent  of  nass  of  epox^/  resin. 


The  possibility  of  using  aliphatic  polyglycidol  ethers  in  epoxy  fiber  glass 
plastics  and  their  plasticizing  effect  are  determined  by  their  structure  and 
properties. 

When  aliphatic  ethers  are  introduced  into  an  epoxy  conposition,  on  the  one 
hand,  Che  density  of  the  network  increases,  since  the  ethers  are  characterized  by 
a high  content  of  epoxy  groups,  and  on  the  other  hand,  the  flexibility  cf  the  resin 
aacromolecule  increases  because  of  the  presence  of  flexible  aliphatic  chains. 

When  the  concent  of  aliphatic  components  is  10-30%,  the  indicated  opposite  effects 
probably  offset  each  other,  and  therefore  the  induced  eias-cicity  limit  and  glass 
transition  temperature  change  insignificantly.  At  the  same  time,  the  tensile, 
compressive  and  bending  strengths  of  the  resin  and  fiber  glass  plastics  increase. 
Further  increase  of  the  content  of  glycidol  ether  to  40%  in  the  composition  causes 
a rapid  decrease  of  the  cohesive  strength  of  the  binder,  and  when  the  ether  content 
Is  60-70%,  Che  polv-mers  become  rubberlike.  The  elongation  at  rupture  of  such 
modified  binders  is  100-150%,  and  the  induced  elasticity  limit  is  20-25  kgf/cm^. 


Table  15  gives  the  properties  of  epox>-  fiber  glass  plastics  with  phenol-form- 
aldehyde resin  curing  agent  modified  with  OEG-1  aliphatic  ether.  As  expected, 
materials  containing  10-20%  of  DEG-1  aliphatic  ether  have  a higher  strength. 


A disadvantage  of  fiber  glass  plastics  modified  with  DEG  type  aliphatic  ethers 
in  comparison  with  unplastlcized  binders  is  cheir  reduced  water  resistance,  due  to 
the  presence  of  a large  amount  of  hydrophilic  polar  group  in  the  cured  resin.  As 
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Che  relative  concent  of  DEG-1  resin  increases  in  Che  coniposicion,  the  vacer  resistance 
of  Che  fiber  glass  plastic  decreases,  and  therefore,  an  epox>’  fiber  glass  plastic 
containing  no  nore  chan  lOS  of  DEG-1  plasticizer  should  be  used  in  shipbuilding. 


Table  15 

Effect  of  plasticization  with  DEG-1  aliphatic  epoxy  resin  on  the  physicocechanical 
properties  of  epoxyphenoi  fiber  glass  plastics. 


j Property 

i 

Content  of  DEG  Resin,  % 

0 

10 

20  1 

50 

; Strength  along  warp  of  fabric, 
■kgf/cirn**: 

1 

] 

tensile 

64.0 

64.3 

63.5  1 

54. 1 

bending 

69.0 

72.0 

71.0  ; 

60.0 

' compressive 

43.1 

44.5 

44.0  ; 

25.2 

incerlaninar  shear 
1 Elongation  of  fiber 
■glass  plastic,  T 

6.9 

7.1 

7.4  i 

i 

1 

5.5 

I Tensile  strength  at  <^5*  angle 
i CO  warp,  kgf/am^ 

25.5 

27.5 

23.2  i 

1 

.... 

•Elongation  of  specimens  at  -5® 
1 angle  to  warp,  % 

5.2 

5.3 

6.0  j 

1 
1 

Water  absorption  after  7 days 
•of  exDOsure  to  water,  T 

0.33 

0.66 

... 

3.8 

• Sending  strength  after  730 
•days  of  exposure  to  water 

55.0/76 

50.0/70 

39.0/50 

10. C/20 

{Remarks.  1.  Content  of  DEG-1  resin  given  in  percent  of  mass  of  epoxy  r 

esin. 

; 2.  Water  absorption  determined  on  samples  measuring  120  x 15 

X 10  na. 

3.  Numerator  indicates  absolute  value  of  strength  in  kgf/nm-; 
1 cor  gives  percentage  of  initial  value. 

dencraina- 

More  water  resistant  are  giycidyl  esters  of  brands  DEG-?  and  DEG-Zh,  obtained 
by  escerifving  DEG-1  resin  with  diaechvl  phthaiate  or  nethyl  esters  of  factv  acids 
(Table  16)'. 

The  strength  properties  of  fiber  glass  plastics  TOdified  with  DEG-r  and  DEG-Zh 
resins  are  sonewh-ic  lower  than  in  the  case  of  nodificacion  with  DEG-1  resin.  In 
the  case  of  plasticizers,  pol>*7:ers  with  a low  modulus  of  elasticity  and  higher 
elongation  are  also  tised,  for  example,  polwinylbutyral  and  modified  fluorocarbon 
plastics  and  polyaaldes . “ ' » 

For  plasticizing,  it  is  preferable  to  use  lacquer  and  adhesive  polyvinylbutyral  /35 
of  brands  LA,  L3,  KA  and  !C3,  which  blenc  setter  with  resin.  Plasticization  of  the 
binder  with  a snail  dose  of  pclwtr.yibucyrai  (up  to  5T)  decreases  the  internal 
stresses  and  increases  the  impact  screngcn  of  the  naterial.  Up  to  30?5  concentra- 
tion, polyvinylbutyral  is  uniformly  distributed  among  the  nacrccioiecuies , so  that 
the  modulus  of  elasticity  and  the  strain  of  the  structure  decrease.  As  the  poly- 
vinylbutyral concent  increases  further,  fine  irregular  inclusions  appear  uhich 
adversely  affect  the  properties  of  the  blncer  (Table  17). 


Table  16 

Properties  of  aliphatic  epoy/  resins 


1 Property 

1 DEG-l  i DEC-? 

DEG-2h  j 

1 

j External  appearance  i 

Color  1 

j Concent  of  epoxy  groups,  Z i 

t Low-viscosity  liquid 

[ From  light-yellow  to  brown 

24-26  1 11-14  ; 6-10  ' 

Table  17 

affect  of  plasticization  with  polyvinylbutyral  on  the  ohysicoaechanical  properties 
of  epoxyphenol  fiber  glass  plastics 


; Property 

1 

Polyvinylbutyral  content.  Z 

0 

5 

10  i 

2 

bcrength  along  warp,  kgf/xra  : 

i 

i 

‘ tensile 

66.0 

. 

65.3 

58.0  i 

' bending 

69.0 

TO.  4 

64.1  1 

' compressive 

43.1 

43.5 

42.0 

j interlaminar  shear 

6.9 

7.3 

7 T 

1 Elon^acion  Z 

1.3 

2.1 

2.4  ! 

! Tensile ^strength  at  45’  angle  to 

25.5 

25.0 

'*•7  1 ' 

1 varp,  kgr/nra** 

1 

Percentage  elongation  of  specimen 
j at  45®  angle  to  varp,  ?, 

5.2 

5.75 

5.0  1 

j Water  absorption  after  4 h of  boiling 

0.33 

0.36 

O 

o 

. in  water,  " 

Bending  strength  after  4 h of  boiling 

61/63 

59.1/34 

43.6/76  1 

; in  water 

Kesarks.  1.  Polyvinylbutyral  content  given  in  percent  of  nass  of  epoxv  resin. i 

2.  Water  absorption  determined  on  specimens  measuring  120  x 15  x 10  iia. 
1.  Tiunerator  indicates  absolute  value  of  strength  in  kgf/itm‘;  de- 
nominator Indicates  percent  of  initial  value.  I 


Chapcer  2.  .UINFORCI.'.'G  MArERI.VLS 

5.  Cotnposicion  of  Glass  and  ics  Influence  on  :he  Prop«rci<is  of  Fiber  Glass 

According  to  the  adopted  classification,  fiber  glass  is  divided  Into  the 
folloving  groups: 

(a)  with  increased  strength  and  high  strength; 

(b)  with  altered  cross  sectional  geonetry; 

(c)  heat-resistant; 

(d)  senlconducting  and  current-conducting. 

According  to  their  strength,  glass  fibers  may  be  divided  Into  three  groups: 

<a)  high-strength  (a^  - 370-470  kgf/inm  ' or  higher): 

(b)  increased  strength  (J^  ■ 250-350  kgt/min^; 

(c)  normal  strength  » 130-250  kgf/maO- 

The  chief  component  cf  gl.i.ss  is  silicon  dioxide  SIO^.  Ics  concent  is  usually 
no  less  chan  iOfi.  During  the  melting,  various  component!  are  added  to  the  glass: 
aluniinura  oxide  (Al-,0,),  calcium  oxide  (CaO) , boric  anhydride  (3,0^).  The  proportion 

of  these  components,  i.  e. , the  chemical  composition  c:  the  glass,  determines  the 
principal  strength  and  technological  properties  of  the  glass  fiber.  Thus,  the 
introduction  of  boric  anhydride  and  alumlnura  oxide  increases  the  atmospheric  and 
water  resistance  of  the  glass  fiber  and  improves  ics  textile  properties.  The 
addition  of  calcium  oxide  also  increases  the  water  resistance  as  well  as  the  hard- 
ness. The  presence  of  copper,  beryllium  and  titanium  oxide.s  in  the  glass  cccposi- 
cion  improves  the  elastic  properties  of  the  fiber  glass  and  its  adhesion  to  the 
binder.  With  rising  percent  concent  of  alkali  metal  oxides,  the  water  resistance 
and  elastic  properties  decrease. 

Ac  the  present  time,  aluninoborosilicate  glass  containing  no  more  than  Iti 
alkali  metal  oxides  and  conventionally  designated  alkali-free  is  usually  employed 
in  the  production  of  structural  fiber  glass  plastics.  The  glass  has  a relatively 
low  fusion  temperature;  its  modulus  of  elasticity  is  7.d  x 10'  kgf/rta*,  and  che 
tensile  strength  is  280  kgf/mai-. 

Alkali-free  glass  fibers  are  also  characterized  bv  high  heat  resistance  and 
excellent  electrical  insulating  properties.  The  composition  of  alkali-free  glass 
includes  the  relatively  scarce  and  expensive  boric  anhydride,  whose  cost  accounts 
for  up  to  SO*  of  che  cost  of  Che  glass. 

For  this  reason,  instead  of  alkali-free  glass,  boron-free  alkali  glass  con- 
taining 5 to  15;i  alkali  metal  oxides  is  used  in  many  cases.  Alkali  fiber  glass 
has  lower  tensile  strength  (by  15-20%)  and  modulus  of  elasticity  (by  10-153), 
and  reduced  torsional  resistance  (by  12%) . Its  cost  Is  35%  lower  chan  chat  of 
alkali-free  glass. 

Studies  currently  being  conducted  are  aimed  at  finding  new  compositions  of 
boron-free  or  low-boron  water-resistant  glasses  with  properties  equivalent  to  chose 
of  aiuminoborosilicate  glass.  A whole  scries  of  glass  compositions  have  been 
developed  in  which  che  absence  of  boric  anhydride  is  compensated  bv  introducing 
clrconium  and  manganese  oxide  and  other  ccmponents  while  increasing  the  content 
of  silicon  dioxide. 


Mew  glass  cocposi:i(;ns  containing  3*  boric  acid  instead  of  lOf;  have  been 
created  to  reduce  the  cost.  AC  che  present  ci~e,  as  uuch  as  30"  of  all  continuous 
glass  ftber  ts  prepared  with  an  S%  boric  anhydride  content.  The  quality  of  these 
fibers  is  equivalent  to  chat  of  fibers  based  on  alualr.oborosilicace  glass,  the 
cost  being  10-11"  lower. 

The  steadily  increasing  deaand  for  high-strength  fiber  glass  plastic.?  has  r.ade 
it  necessary  to  develop  new  glass  composi tions  for  fiber  glass  whose  tensile  strength 
and  oiodulus  of  elasticity  considerably  exceed  chose  of  alkali-free  fiber  glass. 

Aaong  che  aiany  studies  aicaed  at  the  creation  of  new  fibers,  one  should  rote 
the  development  of  quartz  fibers.  Continuous  quartz  fiber  has  che  highest  mechani- 
cal strength,  high  melting  point,  dielectric  properties  which  are  high  and  stable 
at  various  temperatures,  low  coefficient  of  thermal  expansion,  and  low  thermal 
conductivity.  Various  studies  have  shown  that  the  modulus  of  elasticity  of  glass 
fiber  increases  by  introducing  netal  oxides  of  groups  II  and  III  of  che  periodic 
system  into  the  glass  composition.  Thus,  .\erojet  General  Corporation  (USA)  has 
developed  glass  fibers  of  brands  29-A  and  with  a high  aluminum  oxide  content; 

their  modulus  of  tension  and  tensile  strength  are  11.9  :<  10'  kgf/ma*  and  562-703 
kgt/mic'  (for  29-A  glass)  and  9.3  x 10*_  kgf/ma-  and  132  kgf/min  “ (for  4H-1  glass), 
respecci’/ely,  versus  7.S  x 10^  kgf/mm-  and  230  kgf/min‘  for  aluclnoborosilicate 
glass.  Fibers  with  a higher  alundnum  oxide  content  as  well  as  zircor.ia-silicate 
fibers  are  currently  made  only  under  laboratory  conditions. 

The  elastic  modulus  of  glass  is  increased  most  effectively  by  beryllium  oxide. 

In  the  USA,  beryllium  oxide  has  been  used  in  the  manufacture  of  glasses  of  brands 
905  (Imperial  Glass  Co.)  and  UM  31A  (Owens  Corning  Fiberglas) . ' beryllium  glass 
fibers  are  no  different  in  strength  from  aluninoborosiiicate  glass,  but  have  an 
elastic  modulus  of  (11.3-12.6)  x 10^  kgf/Tmn~.  The  chief  disadvantage  of  beryllium 
glasses  is  che  high  toxicity  at  beryllium,  which  limits  the  scope  of  its  industrial 
application. 

Of  considerable  interest  are  studies  aimed  at  che  development  of  nontoxic  high- 
modulus  glasses  containing  copper,  titanium  and  zirconium  oxides. 

Glass  fiber  containing  cuprous  oxide  has  an  elastic  modulus  of  9 x IQ-  kgc/mm^. 
According  to  che  data  of  che  US  Maval  Ordnance  Office,  fiber  glass  plastic  based 
on  copper-containing  glass  fiber  has  a modulus  of  tension  of  5.6  x 10^  kgf/mm-  for 
parallel  arrangement  of  che  fibers. 

Fibers  of  aluminotltanosilicate  glass  have  a strength  of  30",  elastic  modulus  of 
152.  and  heat  resistance  60®  higher  than  fibers  of  alum.incborosilicate  glass.  These 
fibers  are  stable  to  water,  acids,  and  alkalis. 

A promising  new  glass  fiber  is  one  with  a high  content  of  silicen, aluminum 
and  magnesium  oxides  and  has  a high  tensile  strength  (370-425  kgf/nmi-)  combined 
with  a high  elastic  modulus  (9.5  x 10^  kgr/mn"). 

Vlth  further  sharp  Increase  in  elastic  modulus  of  che  glasses,  che  density  of 
the  fibers  Increases  (2.9  g/cm^)  and  che  strength  decreases  to  250  kgc/mE“,  this 
being  due  to  Che  microcr'/stalline  scructura  of  this  type  of  fiber.  Because  of 
low  viscosity,  high  surface  tension  and  tendency  to  cr^*stallise  on  cooling,  high- 
modulus  glasses  ace  more  difficult  to  convert  into  fibers. 


In  addition  to  enhancing  the  elastic  properties  of  fiber  glass  plastics  by 
changing  the  chemical  composition  of  the  glass,  studies  are  now  being  aimed  at  increas-  • 
ing  Che  rigidity  of  structures  by  using  hollow  glass  fibers.* 

The  first  reports  of  tests  of  hollcw  fiber  in  a fiber  glass  plastic  date  back 
to  1961.  The  use  of  hollow  fibers  makes  it  possible  to: 

increase  the  flexural  rigidity  of  the  fiber  glass  plastic; 

create  a fiber  glass  plastic  with  higher  heac-insuiating  properties  due  to 
the  lower  thermal  conductivity  of  hollow  glass  fiber  in  comparison  to  solid  fiber; 

create  a fiber  glass  plastic  of  low  density  and  improved  dielectric  properties. 

Abroad,  research  on  fiber  glass  plastics  based  on  hollow  fibers  is  being  con-  /39 
ducted  by  the  General  Electric  Co.,  Thompson  Fiber  Glass,  and  others. 

However,  there  are  considerable  difficulties  and  limitations  on  the  uses  of 
hollow  fiber.  Primarily,  they  include  the: 

difficulty  in  producing  a hollow  fiber  yam  of  uniform  quality  with  a constant 
coefficient  of  capillarity,  so  that  one  cannot  definitively  predict  the  strength 
properties  of  the  fiber  glass  plastic; 

high  sensitivity  to  the  penetration  of  liquids  into  the  internal  cavity  of  the 
fibers.  The  problem  of  capillary  penetration  of  liquids  into  unprotected  ends  or 
cracks  of  the  composites  is  as  comple*x  as  the  problem  of  penetration  of  the  binder 
into  the  fiber  capillaries  during  fabrication,  and  makes  it  necessary  to  use 
substantial  thicknesses  of  the  surface  protective  coating. 

The  physicooechanical  properties  of  fiber  glass  plastic  based  on  hollow  glass 
fiber  produced  in  the  Soviet  Union  are: 


Tensile  strength,  kgf/in^  46.0 

Bending  strength,  kgi/sm^ 72.0 

Impact  strength,  kgf  m/ca" 2.00 

Modulus  of  normal  elasticity,  kgf/nan^ 2.S  x lO’ 

Density,  g/cm^  1.4 


6,  rtoven  and  Nonwoven  Glass-Reinforcing  Fabrics 

According  to  their  mode  of  fabrication,  reinforcing  fabrics  used  in  the  produc- 
tion of  fiber  glass  plastics  may  be  divided  into  two  types:  nonvoven  and  woven. 

The  nouwoven  ones  include  fibers,  filaments,  yam,  and  lapse.  Voven  ones  include 
all  glass  fabrics  of  different  types  of  weave. 

Woven  Fabrics.  The  industry  produces  a large  number  of  glass  fabrics  differ- 
ing in  strength,  mass,  thickness  and  type  of  weave.  Each  type  of  glass  fabrics 
has  its  distinctive  technological  characteristics,  which  must  be  considered  when 
selecting  a fabric  for  each  t^/pe  of  article. 

Fiber  glass  plastics  are  usually  produced  from  glass  fabric  of  calico  '"linen) 
serge  (twill)  and  satin  weaves  based  on  twisted  or  untwisted  threads. 

Of  major  importance  for  glass  fabrics  used  in  the  production  of  structural 
fiber  glass  plastics  is  the  vaviness  of  the  threads,  1.  e. , the  extent  to  which 
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the  threads  deviate  from  the  straight  line  when  they  are  interwoven  with  perpendicular 
threads.  The  less  the  waviness  of  the  glass  fabric  threads,  the  greater  the 
taechanical  strength  of  the  fiber  glass  plastics  based  on  these  fabrics.  The  ex- 
tent of  the  waviness  depends  on  the  type  of  fabric  weave  and  degree  of  twist. 
Linen-woven  glass  fabrics  have  the  naxisum  waviness;  the  overlap  of  threacs  in 
these  fabrics  cakes  place  at  a 90”  angle.  The  fibers  in  serge-woven  fabrics  are 
sonewhac  straighcer  chan  in  linen-woven  ones,  and  this  has  a positive  effect  on 
the  sechanicai  properties  of  the  fiber  glass  plastic  articles. 

In  satin-woven  fabrics,  the  waviness  of  the  threads  is  auch  less.  This  is 
due  CO  Che  fact  that  each  thread  of  Che  warp  or  weft  passes  under  five,  eight  or 
ocher  number  of  threads  of  the  weft  or  warp. 

Satin  fabrics  have  a comparatively  high  density.  Their  formability  and  flexi- 
bility are  greater  chan  chose  of  linen  and  serge  fabrics.  Satin  fabrics  are  widely 
used  as  the  reinforcing  material  in  the  production  of  articles  for  ship  machine 
building. 

The  assortment  of  fabrics  adopted  by  the  Soviet  industry  has  been  based  chiefly 
on  the  use  of  primary  threads  from  glass  spinners  equipped  with  ICO-  and  100- 
spinneret  glass  melters  producing  fiber  5-7  ta  in  diameter. 

Ac  the  same  time,  foreign  experience  shows  the  premise  of  using  glass  fabrics 
from  fibers  8-10  un  in  diameter  and  from  thicker  primary  threads  consisting  of  400 
to  SOO  filaments. 

The  development  of  a new  glass-fabric  manufacturing  technology  is  aimed  at 
reducing  the  cost  and  increasing  the  strength  is  being  conduccea  along  the  lines  of 
accelerating  the  giass-f iber-forming  process  and  reducing  the  degree  of  twist 
or  eliminating  it  entirely. 

t\n  acceleration  of  the  glass-f iber-forming  process  is  achieved  by  in- 
creasing the  fiber  diameter  and  number  of  soinnerecs  of  the  glass-melting  container. 
Vith  Increasing  diameter  of  the  elementary  glass  fiber,  the  output  of  glass-spinning 
assemblies  sharply  increases.  Vhen  the  optimum  forming  conditions  and  a high 
degree  of  homogeneity  of  the  glass  mass  are  achieved,  the  strength  of  a glass  fiber 
9-11  um  in  diameter  is  essentially  the  same  as  that  of  glass  fiber  5-7  -.m  in  diameter. 
The  use  of  glass  fiber  9-11  urn  instead  of  5-7  um  in  diameter  for  fiber  glass  plastics 
makes  it  possible  to  Increase  the  volume  of  production  of  primary  glass  thread 
from  existing  production  areas  by  50-60%.*"^ 

The  output  of  a glass-spinning  assembly  is  practically  directly  proportional 
to  Che  number  of  spinnerets  of  the  glass-melting  container.  In  Che  last  few  years, 
the  use  of  400-  and  800-spinneret  containers  has  sharply  increased.  Tweive-hundred- 
spinnerec  containers  are  now  being  tested. 

Fabrics  have  been  made  from  threads  thickened  by  using  400-spinnerec  containers 
with  a fiber  diameter  of  5-7  um  (400-filament  primary  thread  instead  of  a 200-fila- 
aent  one),  and  by  simultaneously  increasing  the  fiber  diameter  to  9-11  -..m  and  using 
400-fllament  primary  threads. 

In  the  first  case,  in  the  production  of  glass  fabric  from  a 400-filaaent  / 

primary  thread  without  a change  in  fiber  diameter,  the  final  structural  indices 
of  the  glass  fabrics  (numbers  of  the  threads,  density  of  the  fabric)  remain  un- 
changed. In  order  to  ensure  a constancy  of  the  final  structural  indices  of  the 
glass  fiber,  the  number  of  ends  during  the  twisting  of  the  thickened  primary  thread 
is  decreased. 


Thus,  the  nost  popular  satin-woven  fabric,  or  brand  ASTT(b)-5-,-5/3,  with  a 

thickness  of  0.29-0.32  tan,  had  previously  been  tjade  from  glass  fiber  5-7  .m  in 
diameter  and  a 2C0-filamenc  primary  thread.  During  twisting  and  folding,  a 
'’balanced”  thread  with  a metric  number  of  9,  twist  of  100  and  number  of  ends  6 
has  been  obcainea.  A new  technology  of  production  of  ASTT(b)-3^  fabric  has  been 
developed,  using  a 400-filament  thread  *with  an  elecentary  f iber^diaaeter  of  5-" 

..m.  In  order  to  obtain  a "balanced”  thread  of  the  same  thickness,  as  before, 
the  number  of  ends  is  decreased  free  6 to  3.  The  use  of  such  a fabric  provides 
for  the  preservation  of  Che  quality  characteristics  of  fiber  glass  plastics  based 
on  it,  with  a 13-177i  decrease  in  the  cost  of  the  fabric. 

Much  more  effective  is  the  use  of  glass  fabrics  in  which  the  fiber  diameter 
and  filament  content  of  the  primary  threads  are  simultaneously  increased.  Such 
fabrics  are  made  from  400-filanenc  primary  threads  with  a fiber  diameter  of  9-li 
..a  and  are  thicker  than  chose  they  replace.  At  Che  sane  tine,  the  structures  of 
the  new  fabrics  ha.ve  been  corrected,  and  the  twist  of  the  threads  decreased  (from 
iOO  c/m  to  50  c/m).  The  principal  characteristics  of  the  fabrics  devised  are 
given  in  Table  13. 

Use  of  the  new  structures  makes  it  possible  to  reduce  the  cost  of  the  fabrics 
considerably  by  increasing  the  productivity  of  Che  equipment.  Thus,  in  the  manu- 
facture of  fabric  of  brand  T-22-78,  which  can  be  substituted  for  ASTT(b)-S^  fabric 

a 1.5-fold  reduction  in  labor  cost  per  kg  of  aass  is  achieved  by  using  existing 
equipment.  Adoption  of  new  textile  equipment  specially  designed  for  the  manu- 
facture of  the  new  fabric  structures  can  reduce  the  labor  costs  by  a factor  of 
nine. ' ^ 


Research  aimed  at  the  complete  elimination  of  the  twisting  operation  has  led 
to  the  creation  of  a new  type  of  fabrics  - braid  fabrics.  Glass  braid  fabrics  are 
also  made  on  weaving  machines  from  untwisted  elementary  fibers  9-11  ua  in  diameter 
and  have  a dense  or  serge  weave.  The  cost  of  braid  fabrics  is  2-2.5  times  lower 
Chan  Chat  of  fabrics  from  cvisced  threads. 

The  use  of  braid  fabrics  permits  the  fullest  utliltacion  of  the  theoretical 
strength  of  the  glass  fiber,  since  twisting  of  the  thread  is  inevitably  associated 
with  a loss  of  strength  due  to  the  mechanical  destruction  of  some  of  Che  fibers 
and  their  .nonuniform  tension  in  the  threads.  The  use  of  braid  fabrics  permits 
the  most  effective  application  of  the  strength  and  elastic  properties  of  fibers 
of  htgh-moduius  glass. 

The  fraction  of  braid  fabrics  in  the  total  volume  of  glass  fabric  production 
Increases  eac.h  year. 

In  the  case  of  manufacture  of  articles  with  a predominant  strength  in  a 
given  direction,  it  is  desirable  to  use  so-called  cord  or  unidirectional  fabrics 
possessing  high  mechanical  strength  in  one  of  the  directions  In  comparison  with 
the  strength  la  the  perpendicular  direction.  To  enhance  this  effect,  threads 
of  higher  strength  are  included  in  certain  cord  fabrics  in  one  of  the  directions. 
Cord  fabrics  may  be  made  from  both  twisted  and  untwisted  threads.  The  latter 
provide  for  a 10-15!^  increase  In  the  strength  of  glass  fabric  resir.  laminates  and 
a substantial  decrease  of  their  cost. 

The  fabrics  iescrlbed  above  nave  a two-dimensional  weave,  and  their  thickness 
dees  not  exceed  1. 5-2.0  mm.  A promising  trend  is  the  creation  of  fabrics  with 


a :hraa-diaensional  weave,  i.  e..  auitilayered  fabrlca.  The  latier  can  be  roraed 
by  using  any  glass  fabric,  Chen  bonding  che  layers. 

The  breaking  screngch  of  a speciaen  oi  aulcilayered  glass  fabric  is  decerained 
by  the  strength  of  the  fiber,  density,  and  angle  aade  by  the  threads  with  the  fabric 
surface,  3y  changing  this  angle,  i.  e. , che  fabric  structure,  one  can  Increase  che 
degree  of  utilization  of  the  strength  of  che  thread  in  the  fabric. 

Table  id 

Properties  of  glass  fabrics 
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However,  in  any  structure  of  a multilayered  glass  fabric  substantial  distor-  /43 
cions  of  che  threads  of  che  warp  and  weft  are  inevitable,  causing  a regular  de- 
crease in  the  rupture  screngch  of  the  glass  fabric  and  in  che  tensile , 'compressive 
and  bending  strengths  of  che  fiber  glass  plastics. 

For  hot  pressing,  use  nay  be  made  of  multilayered  glass  fabrics  no  mere  than 
1.3-2  aa  chick,  because  of  the  technological  difficulties  arising  curing  the  i.n- 
pregnation  of  multilayered  glass  fabrics  of  large  thicknesses. 

'^^^^'"^^.ayered  fabrics  up  to  2 cm  chick  find  limited  applitacion  in  the  produc- 
tion of  hot-pressed  fiber  glass  plastics  because  of  their  high  cost  (3-10  tines 
higher  chan  the  cost  of  analogous  fabric  with  a two-dimensional  weave) . The 
principal  characteristics  of  these  fiber  glass  plastics  based  on  various  glass 
fabrics  are  shown  in  Table  19. 

N'onwoven  fabrics.  Honwoven  fiber  glass  fabrics  are  made  chiefly  from  untwisted 
primary  threads  with  a tiber  diameter  of  10-11  -m  instead  of  5-9  ..m;  as  a result, 
productivity  of  giass-sptnning  equipment  increases  threefola. 
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Table  19 

Properties  of  epoxyaaiine  fiber  glass  plastics  based  on  different  glass  fabrics 
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In  the  production  of  nonvoven  fabrics,  t"-.*isting  and  veaving  are  conplecely 
eliciinated,  so  that  all  Che  operations  of  the  technological  process  of  their  manu- 
facture can  be  mechanised  and  automated,  and  the  cost  can  be  reduced  by  a factor 
of  tvo-chree  in  comparison  with  voven  fabrics. 

Among  nonwoven  fabrics  in  ship  machine  building,  use  is  mace  of  glass  fiber 
press  materials  AG-4S , 27-63s  and  33-18s  based  on  suitably  modified  aniline- 
formaldehyde,  epoxy-phenol  and  epox^z-polyurechane  binders.  The  properties  of 
fiber  glass  plastics  based  on  unidirectional  press  materials  are  presented  in 
Table  20. 


Table  20 

Mechanical  properties  of  fiber  glass  plastics 


Property  ; 
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Another  type  of  nonwoven  material  is  5VAM.  The  method  of  fabrication  or  a 
press  material  based  on  it  consists  in  orienting  the  glass  monof ilaner.ts  parallel 
CO  each  ocher  while  applying  the  binder  on  then.  A material  analogous  tc  SVAIi 
has  found  extensive  applications  in  many  countries,  for  example,  the  Scotthply 
material  is  produced  in  the  Tnited  States.  * 


SVAM  ts  produced  la  Che  ton::  of  sheets  vith  a unidirectional  or  crossvise 
structure  of  the  glass  fibers.  It  is  used  as  an  electrical  and  structural 
material  and  has  high  mechanical  strength,  the  mechanical  properties  of  this 
fiber  glass  plastic  are  given  in  Table  21. 

Table  21 

Mechanical  properties  of  SVAM  fiber  glass  plastic  and  fiber  glass  plastic  with 
alternating  layers  of  laminated  fiber  glass  sheet  and  glass  fabric  AST7(b)-S., 
based  on  epoxyphenol  binder 
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Certain  researchers^^  indicate  the  following  drawbacks  of  SVAM  material: 
presence  of  internal  stresses  due  to  different  lengths  of  the  fibers  and  upper 
layers,  more  difficult  conditions  of  removal  of  volatiles  during  the  production 
of  SVAM,  a considerable  spread  of  the  physicomechanicsl  properties  due  to  distor- 
tion of  the  fiber  direction  during  the  removal  of  the  fiber  glass  sheet,  lower 
fatigue  strength  of  SVAM,  and,  in  comparison  with  glass  fabric  resin  laminates, 
greater  bittleness  of  monofil  14  ua  In  diameter. 

Among  nonwoven  fibergias  fabrics  in  rolls,  of  interest  is  a cross-t>'pe  rigid 
fabric  of  braided  or  twisted  threads.  The  output  of  the  ecuipnent  during  its 
fabrication  increases  by  a factor  of  10-15  in  comparison  with  woven  fiber  glass 
fabrics.  According  to  the  calculations  of  Ref.  70,  cross-type  rigid  fiber  glass 
fabric  produced  on  an  Industrial  scale  can  be  one-half  or  one-third  as  e.xrensive 
as  similar  braid  fabrics.  The  position  of  the  threads  relative  to  each  other  is 
fixed  by  bonding.  With  nonwoven  cross-t*/pe  fabric  used  as  the  base,  articles  are 
made  by  methcds  of  hot  pressing,  contact  moldi.ng  and  winding. 

One  of  the  modlf ications  of  cross-type  fiber  glass  fabric  is  *.*?R-10  knicted- 
sewr.  reinforcing  fabric.  This  v/ve  of  fabric  is  characterized  by  the  fact  that 
the  perpendicular  systerasof  untwisted  threads  are  not  bonded  but  tied  by  the  weft 
knitting  method.  It  is  more  flexible  and  elastic  chan  rigid  cross-type  fabric 
while  at  the  same  time  retaining  all  of  its  advantages. 

The  production  of  knitted-sewn  fabrics  has  been  mastered  by  the  Soviet  industry. 
The  strength  properties  of  fiber  glass  plastics  based  on  VrK-10  are  25-30*  be- 
low those  of  fiber  glass  plastics  based  on  glass  fabrics. 

Combined  reinforcement . The  quantity  of  reinforcing  fabrics  new  in  production 
does  net  effectively  provide  for  the  ratio  o:  warp  to  weft  strength  recuirea  in 
structures.  I.n  some  cases,  to  achieve  this  ratio  in  structures,  it  is  desirable 
to  ise  industrially  proauced  satin  or  linen  glass  fabrics  cembined  with  cord-weave 


glacis  fabrics  or  nor.voven  fabrics.  Such  a combination  in  suitable  prcporticns 
makes  it  possible  to  obtain  the  required  ratio  of  mechanical  properties.  Know- 
ing the  mechanical  properties  of  fiber  glass  plastics  based  on  each  brand  of  re- 
inforcing fabric  used  individually , one  can  calculate,  with  an  accuracy  aaequate 
for  practical  purposes,  the  expected  strength  properties  of  the  combined  fabric 
by  using  formulas  (l)-(4),  on  the  basis  of  the  percentage  ratio  of  the  materials 
Cor  on  Che  basis  of  areas  occupied  in  Che  cross  section  of  the  structure): 

0,  = y V ( X) 


where  c,  , 


where  i , E . 

t i 


are  the  tensile  strengths  of  Che  composite  and  individual  component, 
respectively ; 

are  the  cross-sectional  areas  of  the  specimen  and  component; 

£,  C) 

are  the  moduli  of  tension  of  Che  composite  and  individual  component; 


.-!-V  a.Ji, 


O) 


'b* 


are  the  bending  strengths  or  the  composite  and  individual  compcnent; 

are  the  moments  of  inertia  of  the  cross  sections  of  the  specimen  and 
individual  component; 


(4) 


where  are  the  moduli  of  flexure  of  the  composite  and  individual  component. 


Table  22  presents  data  characterizing  the  mechanical  properties  of  composite 
fiber  glass  plastics  prepared  by  using  TS-3/3-250  satin  glass  fabric  and  cord 
braid  glass  fabric.  To  obtain  a more  homogeneous  composition,  satin  and  cord- 
weave  glass  fabric  layers  alternate  regularly. 


Particularly  desirable  is  the  use  of  composite  reinforcement  when  high-modulus 
glasses  are  used.  It  Is  veil  known  chat  Che  strength  and  elastic  properties  of 
high-Qodulus  fiber  are  preserved  most  fully  when  the  fabrics  are 
made  from  untwisted  threads.  It  is  therefore  unecononiical  to  make  them  from 


Table  21 

Strength  and  elastic  properties  of  epoxyamine  fiber  glass  plastics  based  on  cord 
glass  fabric 


Glass 

Property 

Copper-con- 

taining 

1 Aluninoboro- 

1 silicate 

♦ 

nigh-moduLus  ' 

%*arp  strength,  kgf/mra“: 
tensile 

9S.0 

1 96.0 

i 

10:. 0 

comoresslve 

63.0 

' 60.0 

63.0 

bending  ^ 

107.0 

101.0 

110.0 

Itioact  strength,  kgf  a/cn* 

7.4 

6. a 

- *»  , 

Modulus  of  tension,  10^ 
kg:/mn^ 

1 

i 

! 

3: 


Table  :4 

Sirer.gch  and  eiascic  properties  of  epox'/ohenol  fiber  glass  plascics  based  on  / 

^;iass  fabrics  A3TT(b)Sn  end  T-25-7S  vith  alcernacing  layers 


1 , ! 

1 PTopar'y  ; 

1 1 
1 

1 Glass 

! Copper-containing  ^ 

Aluainoborosili- 
cate  ► 

1 .2 
1 Strength,  kgf/tam  : 

1 tensile 

compressive 

bending  ^ , * 

Modulus  of  tension,  10”^  kgf/tna" 

1 Note.  Numerator  - warp  data;  der.or 

\ 

1 

■ 33.0/31.0 

49.0/27.0  I 

! 93.0/38.0 

4, 3/ 2. 4 1 

tlr.atof  - weft  data. 

1 

1 33.0/29.0  ; 

i 46.0/25.0  ! 

38,0/35.0  ( 

, 4.o/:.o  1 

i 

1 

high-aodulus  glasses  of  satin  veave  fabric,  since  the  cost  is  considerably  in- 
creased for  a slight  gain  in  strengtn. 

Tables  23  and  24  show  the  strength  and  elastic  properties  o:  coarosite  fiber 
glass  plascics  based  on  cord  and  satin  glass  fabrics  of  high-siodaius  and 
alusiinoborosiiicate  glass  in  a ratio  of  1:1  with  alternating  layers. 


7,  ^Uw  Types  of  Reinfcrcing  Materials 

N'ev  types  of  reinforcing  materials  are  developed  for  the  purpose  of  expanding 
the  assortaent  or  conrposices  having  either  lower  density  or  better  strength  and 
elastic  properties  as  well  as  higr.er  heat  stability. 

Inorganic  aacerials.  Among  new  fibers,  of  considerable  interest  are  boron 
fibers,  produced  abroad  in  a diameter  of  0.07-0.1  mn  under  the  brand  name  borofil. 
Sorofil  fibers  have  a tensile  strength  up  to  300  V.gf/mm^  and  elastic  modulus  up 
to  41  X 10^  kgf/ca“.  After  fatigue  tests  with  a base  of  10^  cycles,  boron  fibers 
retain  up  to  50%  of  their  initial  strength. 

Borofil  is  produced  by  depositing  boron  from  che  gaseous  phase  on  a tungsten 
wire  0.01-0.012  am  in  diameter  heaced  to  ill0*C.  The  fi'-er  obtained  contains 
intermediate  cungscen  boride  cype  compounds  between  the  tungsten  core  and  the 

rough  outer  cellular  surface  of  amorphous  boron.  The  fiber  surface  has  no  nicro- 
cracks,  pits,  or  other  defects.* 

Because  of  different  coefficients  of  linear  thermal  expansion  of  boron  / 

X 10  ^ and  tungsten  (4.16  x 10“’’  V ‘),  radial  cracks  running  iron 

che  center  to  Che  periphery/  are  formed  inside  borofil  fibers.  Studies  aimed  at 
perfecting  boron  fibers  are  being  conducted.  In  particular,  treatment  of  the  fiber 
with  nitric  acid  increases  the  tanalie  strength  by  a factor  of  three  to  four. 

The  high  cost  of  boron  plascics  limits  their  application  as  an  independent 
structural  material.  A conbinaticn  of  boron  and  glass  plastics  is  frequenclv 
employed  in  constructions.  Thus,  successful  tests  have  been  completed  in  the  VSA 
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on  blades  of  s helicopter  rotor  whose  spar  and  trailing  edge  are  made  o:  bcror. 
plastic,  and  the  regaining  part  of  the  blade  is  r.ade  of  fiber  glass  plastic.* 

the  TeyVco*  Co.  (USA)  has  produced  a single-crystal  sapphire  fiber  30.5  n long 
from  aiualnua  oxide.  The  sapphire  fiber  is  equivalent  to  glass  fiber  in  strength, 
but  IS  auch  superior  to  It  in  elastic  properties  lE^  - (45-49)  :<  10'  Icgf/ta-j  . 

Carbon  (or  graphite)  fibers  are  nade  by  carbonicing  organic  textile  fibers, 
for  exaspla  acrylonitrile  ones.  Because  of  their  low  density  (1. 7-2.0  g/cti'), 
they  greatly  surpass  all  ocher  fibers  in  tensile  strength  weight  ratio  and  rigidity. 
Carbon  fibers  are  resistant  to  water,  chentcals  and  wear  at  high  temperatures. 

They  are  conpatible  with  epc.xy  and  polyimide  binders.* 

Carbon  fibers  have  a polycryscalline  structure  thanks  to  heat  treatment  and 
stretching  of  the  atoms,  providing  for  the  highest  strength  and  rigidity  along  the 
fiber  axis. 

Carbon  fibers  obtained  by  heat  treatment  at  1000*C  have  a tensile  strength  of 
the  order  of  200  kgr/xjn'  and  an  elastic  modulus  of  42  x 10^  kgf/aa“. 

At  a heat  treatment  temperature  of  2500-2700®C,  graphite  fibers  are  obtained 
which  possess  a better  structure  and  better  properties,  with  a strength  of  290- 
300  k-gf/nx**. 

In  Che  near  future,  a substantial  expansion  of  the  use  of  graphite  fibers  is 
expected  as  a result  of  a marked  anticipated  drop  of  prices  of  this  material. 

Graphite  fibers  made  by  the  Great  Lakes  Carbon  Co.  have  an  elastic  modulus  ranging 
fren  21000  to  42,000  kgf/ma*'.  The  material  is  made  as  a continuous  filament, 
which  makes  it  possible  to  produce  long  ribbons  for  reinforcing  epoxy  resias.  An 
epoxy ■ laminate  with  a filler  of  graphite  fibers  having  an  elastic  modulus  of 
about  42,000  kgc/mia-  has  a bending  strength  of  120  kgf/mra^,  tensile  strength  of 
105  icgf/ma*^,  and  compressive  strength  of  34  kgf/n3~. 

Host  widely  used  at  the  present  time  are  graphite  fibers  tor  reinforcing  epoxy 
resins  in  aviation  and  space  technology;  they  are  also  beginning  to  be  used  In 
shipbuilding.  US  .Vavy  researchers  have  come  to  the  conclusion  that  an  epoxy  plastic 
reinforced  with  grapnite  is  more  promising  than  fiber  glass  plastics,  since  it  /50 

is  marked  by  a higher  modulus,  lower  density,  and  high  fatigue  strength. 

British  experts  are  planning  to  use  graphite  fibers  in  the  production  of 
rotating  parts  of  compressors,  centrifuges  and  various  electromechanical  devices, 
as  well  as  in  the  textile  industry.  Using  the  Hifil  carbon  fiber  reinforced 
plastic,  Che  Rolls  Royce  Co.  makes  fan  blades  2400  mn  in  diameter  and  compressor 
parts. 

Organic  materials.  In  recent  years,  studies  have  been  made  indicating  the 
possibility  of  using  organic  fibers  for  reinforcing  polyester  and  epoxy  binders, 
Laoinates^based  on  organic  fibers  (organic  plastics)  have  low  density  (1.15- 
1.25  g/cm^),  attractive  dielectric  properties  (at  10'**  Hz,  t « 2.2-2.o;  cant  * 

0.0115),  vibration  resistance,  and  nigh  fatigue  strengtr.. 


■transliteration  of  Russian  spelling. 
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The  relntorcir.^  aaceriais  used  :nay  be  fabricj  from  fibers  - caprcn,  lavsan. 
nitron  (acrylonitrile)  and  polypropylene.  Of  these  _aprcn  fabrics  are  the* 
strongest  ones.  Minimum  elongation  (13-i**^)  and  strength  are  exhibited 
by  nitron  fabric. 

Reinforcing  materials  based  on  organic  fibers  differ  considerably  in  water 
resistance.  Results  of  determination  of  the  strength  cf  fabrics  after  1 hours' 
boiling  in  seawater  are  given  in  Table  25.  In  nitron  fabrics,  the  loss  of 
strength  is  14-15/..  The  strength  of  lavsan  fabrics  remains  practically  unchanged. 


Table  25 

Properties  of  fabrics  made  of  organic  and  glass  fibers 


Fiber  and  Fabric  Article 

} 

I 

j 

i 

1 Breaking  load 
'of  fabricstrip 
*25  X 100  mm, 

' kgf 

Elongation  of 
' scrip  at  rup- 
1 cure,  % 

1 

Shrinkage  , 
after  boiling, 1 
'*  1 

c a 

1 W 

Z£ 

u -Z 

> il 

1 ~ ^ 

- *j  i rc  'J  i 

3 J2  , 0 , 

2 3 2 3 1 

Polvpronylene,  art.  23352 

;i90.o 

' 225.8 

41.6  ' 54.3 

6.7  j 7.3  I 

Nitron  art.  23455/1 

,134.5 

1 143.3 

13.4  , 21.0 

2.0  , 4.8 

Lavsan  art.  23372^1 

i;oo.5 

; 193.0 

19.4  ; 25.0 

2.0  i 0.5  1 

Lavsan  art.  23372/2 

I206.5 

1 211.3 

' 23.6  i 25.0 

1.5  ‘ 4.5  1 

( Caoron  art.  22338 

;379.: 

323.0 

, 4.76:  53.6 

- : -i.s  i 

^ Glass  fabric  ASTT(b)-S.,  (a/f 

, 249.; 

1 107.6 

3.2  ; 1.0 

- : - i 

1 glass 

i 

1 1 

! 1 

; Glass  fabric  ASTT(b)-S.  (T-273a|  204.6 

; 156.3 

j 3.2  i 2.0 

i glass) 

1 

1 

i 

; 

In  polypropylene  and  nitron  fabrics,  the  strength  increases*  by  19*  and  T*,  /51 

respectively,  after  boiling  in  seawater.  For  comparison,  one  can  note  chat  under 
similar  testing  conditions,  glass  fabric  of  alltall-free  glass  (a/f)  loses  5C*  of 
its  initial  strength.  In  ail  organic  fiber  fabrics,  snrir.kage  and  an  increase 
in  breaking  elongation  are  observed.  The  greatest  shrinkage  (7-7. 5*0  is  exhibited 
by  samples  of  polypropylene  fabrics. 

The  use  of  organic  fibers  makes  it  possible  to  increase  the  water  resistance 
of  an  organic  plastic  in  comparison  with  a fiber  glass  plastic  The  strength  and 
water  resistance  of  an  organic  plastic  are  determined  not  only  by  the  chemical 
structure  of  the  organic  fibers,  but  also  by  the  structure  of  the  fabric.  The 
best  mechanical  properties  and  water  resistance  ^re  those  of  organic  plastics 
based  on  satin  weave,  since  this  structure  provides  for  higher-quality  impregna- 
tion with  the  hinder  and  better  solidity  or  the  organic  plastic. 

Fabrics  made  of  organic  fibers  are  impregnated  witn  epo>r.'  bincers  on  standard 
vercical-tv-pe  impregnating  machines.  A 30-3**^  resin  concent  of  the  bincer  is 
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provided  for  ar  che  sane  binder  concentrationji  as  in  Che  impregnation  or  glass 
fabric.  The  conditions  or  pressing  for  organic  plastics  are  analogous  to  chose  ' 
for  fiber  glass  plastics  based  on  the  sane  binders. 

During  the  pressing  of  organic  fiber  fabrics,  it  is  necessar/  to  consider  the 
shrinkage,  vhich  for  lavsan  fabrics  is  as  high  as  15-20%.  Fabric  shrinkage  accounts 
for  the  fomacicn  of  internal  stresses.  To  reduce  it  in  the  course  of  pressing, 
the  fabric  prior  to  the  impregnation  should  be  subjected  to  heat  treataenc  at  a 
temperature  close  to  the  pressing  temperature.  In  comparison  with  the  initial 
fabric,  the  strength  of  the  heat-treated  fabric  decreases  by  only  1-3%,  and  the 
elongation  at  rupture  remains  practically  unchanged. 

A characteristic  feature  of  organic  plastics  is  their  capacity  for  high  deforma- 
tions - the  elongation  at  rupture  is  17-20%.  The  proportionality  limit  in  ex- 
tension in  the  direction  of  the  varp  is  3. 7-3.9  kgf/ma*’,  in  the  direction  of  the 
weft  2. 7-3.0  kgi/ca“,  and  at  a 45'*  angle,  2. 4-2.0  kgf/nm^. 

In  tensile  detormations  up  to  3-3.5%,  the  main  load  is  borne  bv  the  binder, 
which  acts  as  a rigid  matrix  that  redistributes  the  stresses  among  the  fibers. 

As  the  elongation  increases  further,  the  rigid  matrix  cracks,  and  its  function  begins 
to  beas3u.med  by  the  boundary  layer  between  the  filler  and  the  binaer,  formed  during 
the  pressing  and  consisting  of  a block  copol>-rr.er  of  the  binder  and  lavsan. 

The  block  copolymer  is  formed  by  the  reaction  of  epox^/  groups  of  the  binder 
and  terminal  hydroxyl  groups  of  polyethylene  terephthalate  (lavsan). 

At  elongations  of  3-10%,  which  cause  rupture  of  this  elastic  block  cc- 
pol^.-mer,  delaciination  of  the  sample  takes  place.  Further  load  is  received  by  in- 
dividual layers  of  the  plastic,  which  break  under  t.ne  load. 

In  compression  tests,  organic  plastic  is  capable  of  functioning  as  a mono- 
lithic material  up  to  stresses  of  3.0-10.0  kgf/ma*,  the  deformation  being  10%. 

As  the  stresses  increase,  flow  of  the  organic  plastic  begins.  In  static  bending 
tests,  specimens  of  organic  plastic  also  show  considerable  deformations. 

’•'hen  the  maximum  load  is  reached,  the  specimens  "oend  without  breaking.  Micro- 
structural  analysis  has  shown  that  no  destruction  of  the  fabric  takes  place  in  the 
region  of  maximum  flexure  of  the  specimenh.  The  thermal  recover**  capacitv  of 
organic  plastics  has  been  noted.'**  After  being  kept  for  2 hours  at  an  elevated 
temperature,  specimens  bent  during  testing  recover  their  shape  and  strengtn. 

Heating  or  the  specimens  accelerates  relaxation  processes,  leading  to  a rapid  re- 
covery of  the  shape  and  strength  of  the  specimens. 

In  contrast  to  fiber  glass  plastics,  organic  plastics  are  characterized 
by  appreciable  creep.  Thus,  after  500  h under  tensile  stresses  o:  2. 0-3.0  kgf/mn‘, 
the  elongation  is  1.96%,  and  under  stresses  of  9.0  kgf/m^,  it  increases  to  2C% 

(at  20*0. 


The  use  of  compos ite  fillers  based  on  organic  and  glass  fibers  is  effective  for 


many  structures.  Glass  fibers 
Depending  on  the  proportion  of 


impart  strength  and  rigidity  to  a composite  material, 
the  components  ana  mode  of  their  arrangement,  acmbined 


plastics  change  their  strength  characteristics  over  wide  limits. 


As  an  example.  Table  16  ^ives  che  stren^rh  and  elastic  properties  of  combined 
plastics  made  from  epoxyaaine  binder,  glass  fabric  and  lavs..n  fabric.  As  is 
evident  from  the  cable,  with  increasing  glass  concent,  ail  the  strength  properties 
of  the  material  increase  regularly  from  values  characteristic  of  organic  plastics 
to  those  characteristic  of  fiber  glass  plastics,  ana  the  density  also  increases, 
from  1,26  to  1.95  g/ca’. 


Table  26 

Properties  of  composite  plastics  based  on  lavsan  and  fiber  glass  fabric 


■ Reinforcement  scheme 

i 

I 

Strength,  kgf 

/ mr3“  ! 

1 

1 tensile 

' compressive 

bending  ; 

1 Lavsan  ^.00") 

1 20.0 

; 14.0 

13.3 

1 Fiber  glass  fabric  (100%) 

i 80.0 

55.0 

35.0  ; 

Lavsan  outer  lavers  (70%) 

31.0 

1 13.0 

IS.  2 

i (50?.) 

! 41.3 

1 25.3 

28.6 

i (30?) 

! 55.4 

i 36.6 

43.4  1 

! Fiber  glass  fabric  outer  lavers 

(30?)  i 27.8 

i 19.3 

49.6  1 

, M ..  M 1,  „ 

(50?)  i 40.2 

: 27.3 

64.3  1 

1 >•  M >f  •(  If 

(70?)  i 50.0 

' 40.0 

78.0  ' 

' .•\lternacing  layers 

i 45.0 

1 23.0 

42.6  1 

3.  Water-Repellent  Adhesive  Treatment  of  Reinforcing  Fabrics 

One  of  the  decisive  factors  affecting  the  physicomechanical  properties  of  a 
fiber  glass  plastic  is  Che  strength  of  the  adhesiv"  bond  between  the  fiber  and 
the  polymer  binder.  The  interaction  of  the  binder  with  the  glass  fiber  is  a fair- 
ly complex  process  that  is  determined  by  many  physicomechanical  and  physicochemical 
ractors:  the  actual  contact  area,  internal  stresses,  friction,  jurface  tension, 

and  effect  of  the  g^^ss  fiber  on  the  curing  processes. 

There  are  two  basic  points  of  view  resardlng  the  nature  oc  adhesion  between 
the  binder  and  the  glass  fiber.**  **  • According  to  the  first,  adhesion 

strength  is  almost  completely  dete’^.ined  by  the  physical  contact  resulting  from 
shrinkage  of  the  binder  on  curing.  Adherents  to  the  second  point  of  view  assert 
the  possibility  of  formation  of  a chemical  bond  in  Che  glass  fiber-binder 
svseea.  In  the  interaction  of  epoxy  binders  with  glass  fiber,  a chemical  reaction 
is  postulated  between  the  epoxy  groups  of  the  binder  and  the  hydroxyl  groups  on 
the  surface  of  the  glass  fiber,  with  the  formation  of  strong  bonds. 


The  preperties  of  pol;/mers  present  in  chin  layers  on  the  solid  surface  of  the 
Ciller  differ  markedly  from  chose  of  polymers  in  the  volume. On  the  surface  of 
Che  filler,  the  glass  transition  temperature  of  the  polymer  rises,  and  the  rela.xa- 
tion  properties  change  as  a result  of  the  limitation  of  the  segmental  mobility  of 
macroraolecules  by  the  solid  surface.  Glass  fiber  rtay  also  considerably  affect  the 
curing  ot  the  binder,  catalyzing  or  inhibiting  the  rate  of  the  curing  reaction. 


In  the  course  of 
efficients  of  thermal 


curing  of 
expansion 


the  binder,  because  of  the  difference  in  tne  cc- 
of  glass  and  binder,  internal  stresses  arise  at 


) 


i 


their  interface.  The  concentration  of  resicnal  stresses  and  stresses  due  to  ex- 
ternal loads  is  one  of  the  causes  of  track  format  ion  in  the  fiber  glass  piascit. 

If  Che  adhesion  between  the  glass  fiber  and  binder  is  sicilar  to  the  cohesive  stre.ngth 
of  the  binder,  the  fibers  will  block  the  propagation  of  cracks,  and  the  surface 
of  contact  between  the  binder  and  glass  will  remain  intact.  If  however  the  adhesive 
strength  of  this  systea  is  muen  lover  chan  the  cohesive  strength  of  the  binder, 

Che  tensile  stresses  will  cause  the  breakdown  of  the  contact  surface. 

In  view  of  Che  fact  that  in  the  overwhelalng  majority  of  cases,  the  fiber  is 
created  with  technological  lubricants,  major  importance  is  assumed  by  the  chemical 
reactions  between  Che  binder  and  lubricant  and  between  the  latter  and  the  glass 
fiber. 

The  technological  lubricant  applied  during  the  drawing  of  glass  fiber  protects  /5- 
the  fibers  from  wear,  bonds  the  monofilaments  to  fora  a thread,  and  protects 
the  threads  frea  mechanical  damage  during  textile  processing  and  from  the  action 
of  moisture. 


The  nature  of  their  interaction  is  of  course  determined  primarily  by  the 
chemical  composition  of  the  lubricant.  Thus,  when  paraffin  emulsion,  which  is 
an  aqueous  emulsion  of  the  chemically  inert  substances  paraffin,  stearin,  transformer 
oil  and  vaseline,  and  is  widely  employed  in  industry,  is  used  as  the  technological 
lubricant,  the  wettability  of  glass  fiber  is  reduced,  and  chemical  interaction  at 
the  interface  is  practically  absent.  When  surfactants  and  water-repellent  adhesive 
substances  ‘.string  agents)  are  used  for  treating  the  glass  fiber,  hydrolytically 
stable  chemical  bends  are  formed  between  the  binder,  sizing  agent  and  glass  fiber, 

Che  wetting  conditions  improve  considerably,  and  there  Is  formed  a continuous  transi- 
tion from  the  binder  to  the  glass  fiber  througn  the  surface  layer  of  sizing  agent. 

Depending  on  the  polarity  of  the  sizing  agent,  Che  adhesive  strength  between 
the  binder  and  glass  fiber  passes  through  a maximum  and,  as  the  polarity  increases 
above  a certain  limit,  falls  off.  In  this  case,  the  orientation  of  the  molecules 
of  the  sizing  agent  on  the  surface  of  the  glass  fiber  is  very  important. 

The  sizing  agents  used  are  monomeric  organosilicon  compounds  whose  composition 
includes  various  reactive  functional  groups  (vinyl,  methacryl,  phenyl,  epoxy, 
amino  and  ixino  groups,  etc.),  chromium  complexes  of  methacrylic  acid,  or  organo- 
phosphorus  compounds . 

The  formation  of  bonds  stable  to  the  action  of  solar  radiation  has  been 
established  during  the  interaction  of  functional  phosphorus-containing  groups  with 
the  glass  surface.  Tiber  glass  plastics  based  on  glass  fiber  treated  with  an 
organophosphorus  sizing  agent  exhibit  high  bending  strength  but  low  v/acer 
resistance, due  to  the  hydrolyzabiiicy  of  organophosphorus  compounds. 

Salts  of  pol>*vaienc  metals  have  recently  been  widely  employed  as  sizing  agents. 
Salts  of  such  metals  as  aluminum,  titanium,  copper,  iron,  etc.,  are  employed.  Good 
results  have  been  obtained  by  treating  glass  fiber  with  chromium  chloride.  The 
chromium  oxide  formed  on  the  surface  of  the  glass  is  not  only  strongly  bonded  to 
the  glass  fiber,  but  also  interacts  with  the  polar  groups  of  the  binder.  The  in- 
crease in  the  strength  of  fiber  glass  plastics  due  to  treatment  of  the  glass  fiber 
with  ai'cminum  and  titanium  chlorides  is  particularly  appreciable  at  higher  tempera- 
tures. Treatment  with  titanium  tetrachloride  promotes  the  attachment  of  epo:o* 
groups  :o  the  surface  of  the  gla^s  fiber. 


In  each  indiviijual  case,  che  choice  cf  che  sicing  agenc  cociposicion  is  deter-  yS5 
ninec  by  che  type  of  binder  employed. 

Monomeric  or^anosilicon  compounds  containing  aniino  groups  are  used  for  epoxy- 
glass  plastics  in  the  USSR  and  abroad.  The  amine  groups  oc  che  sizing  agent  react 
with  the  epoxy  .groups,  forming  incerfaciai  bonds  stable  in  a neutral  aqueous  mediun. 

Among  organosilicon  sizing  agents,  of  interest  are  the  following  compounds;  y- 
aninopropyicriecho.v/silane  (AGM-9)  , aminohexamechyienaainotnethyltriethoxysilane 
(AOM-3)  and  N-diethylmethylenetrlechoxysilatie  (;VDE-3).  Abroad,  compounds  similar 
in  structure  to  .\GM-9  are  k.ncwn  under  che  designations  A-llOO  (USA)  and  3100-V  (France). 
In  addition  to  these  compounds,  epo:cy  derivatives  or  silanes  are  employed.  In 
Che  USSR,  the  product  £S,  epo:c/propoxypropylcrieCRoxysilane;  is  employed. 

At  Che  present  time,  all  known  methods  of  treatment  of  fiber  with  water-repellent 
adhesive  products  may  be  divided  into  three  groups: 

chermochetnical  treatment; 

introduction  of  water-repellent  adhesive  products  into  che  composition  of  the 
binder; 

introduction  or  vater-repeilenc  adhesive  products  into  che  ccmposition  of  the 
sizing  agent. 

Thermochenical  creacr.^nt_.  This  treatment  consists  cf  two  basic  operations  - 
removal  of  inert  lubricant  (paraffin  emulsion)  and  application  of  sizing  agent. 

Removal  of  che  lubricant  may  be  carried  out  by  caramelizatic i , thermal  purifica- 
tion, and  washing. 

The  caramelizacion  method  consists  in  thermal  treatment  of  che  glass  fabric 
at  a temperature  up  to  300*C,  part  of  che  lubricant  being  volatilized.  The  caramel- 
ized glass  fabric  has  a golden  brown  color,  and  its  residual  lubricant  conceat  is 
up  CO  0.5^  (instead  of  2-3%  in  the  original  glass  fabric). 

Thermal  purification  of  glass  fabrics  is  achieved  by  treating  them  at  350-500*C, 
thus  obtaining  a more  complete  removal  of  the  lubricant,  down  to  0. 1-0.2%.  Thermal 
purification  is  che  most  common  method  of  lubricant  rer.ovaJ  and  is  usually  accomplished 
oy  the  continuous  method  in  vertical  ovens. 

The  washing  method  consists  in  creating  the  glass  fabric  with  special  composi- 
tions (benzine,  oleic  acid,  etc.).  The  glass  fabric  is  passed  through  a series  of 
baths  with  solvents,  washed  with  water,  and  dried.  The  lubricant  concent  of  the 
washed  glass  fabric  is  0.3-0. 5%.  The  use  of  ultrasound  during  che  washing  makes 
it  possible  to  replace  che  toxic  solvent  cooposicicns  with  water. 

After  Che  lubricant  has  been  removed,  che  fabric  is  hygroscopic  and  should  od 

cherefore  be  immediacely  creaced  with  vaczr-rapellenc  adhesive  cocposiCions 
(sizing  agencs. . The  chemical  treacment  is  carried  cue  wich  dlluce  aqueous  solu- 
tions (concencracion , 0.5-5%)  of  sizing  agents  followed  by  washing  with  water  and 
drying.  The  content  of  the  sizing  agent  is  0.25%.  The  chief  disadvantage  of  Che 
thermochf-iical  treatment  is  the  reduction  in  fabric  strength  from  25  to  50%. 

_^dicton  of  wacer-vspellent  adhesive  products  to  the  binder  composition. 

This  method  la  easy  to  apply  technologically,  and  can  be  carried  oat  by  using  a 
wide  asso-treni  cf  compounds,  whereas  the  therr.ochaaical  treatment  is  confined  only 
to  compounds  soluble  in  water  or  alcohol.  However,  as  in  the  thermochemical  treat- 
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aenc,  Ic  is  first  necessary  to  reaove  the  lubricant,  i,  a.»  paraffin  erauLslon. 

The  cheaicaliy  active  coapounds  used  for  introduction  into  the  binder  are  organo- 
silicon  products  containing  anino  groups  (ACM-9,  ADE-2'  , hydroxy-  groats 

(MR-1)  and  epojc/  groups  <.ES) . In  Che  ideal  case,  the  introduction  of  organo- 
silicon  products  into  the  binder  involves  their  sigration  to  the  surface  of  the 
glass  fibers,  hydrolysis  of  alkoxy  groups  by  .toiscure  present  on  this  surface  or 
in  the  binder,  and  interaction  of  the  siting  agents  with  the  glass.'*  The  intro- 
duction of  sizing  agents  into  the  binder  decreases  the  residual  stresses  at  the 
glass  fiber  - binder  interface.  It  has  been  found'*  that  the  best  water-repellent 
effect  is  achieved  by  introducing  the  sizing  agents  in  the  amount  of  3Z. 

Introduction  of  water-repellent  adhesive  products  into  Che  composition  of  the 
lubricant.  This  method  is  the  most  advanced  and  considerably  simplifies  the 
technology  of  production  of  reinforcing  materials,  since  the  operations  of  applica- 
tion of  technological  lubricants  and  water-repellent  adhesive  treatment  are  combined, 
and  the  operation  of  removal  of  the  inert  lubricant,  associated  with  a loss  of 
strength  of  the  glass  fabric,  is  excluded. 

Lubricants  based  on  the  products  ACM-3  (lubricant  652),  ADE-3  (lubricant  752) 
and  AOt-9  (lubricants  7S  and  SO)  have  been  developed  for  epox-/-gj.ass  plastics. 

Product  OS-20  is  added  as  the  emulsifier,  and  dibutyl  sebacace  is  added  as  the 
plasticizer.  A mixture  of  these  products  is  applied  on  the  fibers  from  a 5* 
aqueous  solution.  The  concent  of  adhesive  lubricant  on  the  fabric  is  about  IT. 

The  effectiveness  of  the  waterproofing  may  be  estimated  from  the  strength 
and  dielectric  properties  of  the  fiber  glass  plastics. 

Considering  that  the  chief  purpose  of  the  waterproofing  adhesive  treatment 
is  Che  stabilization  of  the  properties  of  the  fiber  glass  plastic  in  a moist  medium, 
of  greatest  interest  are  data  on  the  change  in  these  characteristics  after  exposure 
CO  water.  The  greatest  stability  of  the  properties  of  fiber  glass  plastics  in 
water  is  provided  by  *rfacerproofing  adhesive  Lubricants  652,  78  and  30.  Thus,  where- 
as Che  decrease  in  strength  after  240  days  in  water  is  25-30%  when  paraffin  ecuL- 
sion  is  used,  it  is  about  14-15%  when  lubricant  652  is  employed  (Table  27). 

Particularly  appreciable  is  the  positive  effect  of  waterproof ing  on  the  change 
in  the  dielectric  properties  in  water  (Tigs.  2 and  3).  Thus,  even  a 30-minuce  boil- 
ing of  eroxyphenol  fiber  giasj  plastic  with  paraffin  lubricant  increases  the  di- 
eiectrfic  loss  iiangenc  from  1.72  x lO"'^  to  3.9  :<  10““,  whereas  for  sized  fiber 
glass  plastics  (.\GM-9  sizing  agent),  after  6 hours'  boilingi  this  value  is  4.15  x 
10-^-. 

An  important  property  of  fiber  glass  plastics  for  shipbuilding  applications 
is  their  durability  in  water.  Tests  have  shown* “ that  durability  in  water  in  pure 
bending  is  the  most  sensitive  method  of  estimating  the  effectiveness  of  waterproof- 
ing adhesive  creaccienc.  The  long-t  itne  strength  in  water  in  bending  with  a base  of 
1000  h for  epox’/phenol  fiber  glass  plastics  with  a paraffin  lubricant  is  0.45  of 
the  long-time  bending  strength,  and  for  analogous  fiber  glass  plastics  with  lubri- 
cant 652,  0.65  of  Che  shorc-i. lae  strength  (Table  23,  Fig.  4). 

Creep  tests  (Fig.  5)  have  shown  that  the  def craacion  produced  af ter  lOCO  h 
of  testing  is  relatively  small  and  rather  insensitive  to  the  *::ethod  of  treatment 
and  to  the  influence  of  water. 
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Table  27 

Water  resistance  of  vaterproof  epox^/phenol  fiber  glass  plastics  /57 


, 

Property 

l 

Nature  of 

glass  fabric  treatment 

. Addition' 

Lubricants 

Sizing 

jadditive' 
' to 

I binder  ' 

Paraf f in 
emulsion 

652 

752 

AGM-9 

product 

AGM-3 

product 

Water  absorption,  %: 

1 ! 

. after  4 h boiling 

0.39 

0.29 

0.31 

0.33 

0.36 

0.36  1 

1 in  water 

1 

j alter  240  days  in 

0.32 

0.24 

0.35 

0.27 

0.31 

>0.30 

water 

j 

' Tensile  strength. 

1 

. kgf/ra»‘: 

1 alter  4 h boiling 

59 

64 

60 

63.5 

59.6 

i 63. 6 

1 in  water 

92 

99 

97 

100 

96 

1 i 

! after  240  davs  in 

61 

65 

60. 5 

63 

61 

i 63.5 

water 

96 

100 

98 

99 

99 

98 

Bending  strength. 

1 

; kgf/rm=-: 

i 

1 after  4 h boiling 

51. 5 

67 

66 

67^ 

: ^ i 

in  water 

1 

75 

90 

83 

90 

85 

I So  : 

t 

. after  240  days 

55 

69.5 

71 

69 

61.5 

' 60 

I in  water 

SO 

93 

95 

92 

£6 

' 1 

1 Compressive  strength. 

1 

' kgr/raa*-: 

‘ 1 

after  4 h boiling 

30 

40.4 

40 

37 

33 

1 33  1 

in  water 

70 

36 

82 

30 

I after  240  days 

31.4 

40 

43 

38.5 

33.5 

! 36  ' 

in  water 

73 

35 

85 

35 

77 

! '3 

Remarks.  1.  Water  absorption  was  determined  on  specimens  measuring  120  x ; 
15  X 10  tnm. 

2.  Numerator  - absolute  values  of  strength  in  kgf/ma^;  denoninatcr- 
percent  of  initial  value. 
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Fig.  2.  Dielectric  constant  i of  vaterproofed  epoxyphenol  fiber  glass  plastics 
vs  boiling  tir.e  in  vater. 


1 - glass  fabric  vith  lubricant  - paraffin  emulsion;  2 - glass  fabric  with 
lubricant  752;  3 - glass  fabric  created  with  AGM-9  sizing  agent. 

Table  23 

Long-term  strength  in  pure  bending  of  waterproofed  epoxyphenol  fiber  glass  plastics 
in  air  and  water*  ~ 


j Long-time  strength,  kgf/mm^ 


Nature  of  glass  fabric  treatment 

Medium 

1000  h base 

100,000  h base 

Lubricant: 

paraffin  emulsion 

Air 

45.8 

40.9 

■ 

Water 

22.6 

13.5 

652 

Air 

51.0 

44.7 

Water 

42.3 

30.5  1 

' 

1 Sizing  agent: 

1 

1 

' AGM-9 

Air 

48.3 

40.5 

Water 

47.3 

40.4  ' 

AGM-3 

34.1 

27.0 

ES  product  introduced  into 

31.3 

21. S 

Fig.  3.  Volume  resistivity  c of  vaterproofed  epoxyphenol  fiber  glass  plastics 
vs  boiling  time  in  water. 

1 - glass  fabric  with  lubricant  - paraffin  emulsion;  2 - glass  fabric  with 
lubricant  752;  3 - glass  fabric  created  with  siting  agent  752. 
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Fig.  4.  Time  dependence  of  screngch  of  sized  epox;^her.ol  fiber  glass  plastics 
in  pure  bending  in  water  (d)  and  air  (b). 

1 - glass  fabric  with  lubricant  - paraffin  enulsion;  la  - sane,  with  isolated 
ends;  2 - heat-treated  glass  fabric;  1%  ES  added  to  binder;  3 - glass  fabric 
created  with  AGM-3  sizing  agent;  4 - glass  fabric  created  with  AGM-9  sizing  agent; 
5 - glass  fabric  with  lubricant  652. 


The  tests  performed  clearly  indicate  the  advantage  of  the  introduction  of  the 
sizing  agent  into  the  lubricant  over  lechods  of  themochemical  treacnent  of  the 
glass  fabric  and  particularly  over  the  introduction  of  the  sizing  agent  into  the 
binder;  this  nay  be  e:<plained  as  follows.  Lubricants  78,  80,  652  and  752  applied 
on  the  glass  fiber  leaving  the  spinneret  are  acre  strongly  bonded  to  its  surface 
cheaically  by  hydrolysis-resistant  siloxane  bonds  chan  the  sizing  agents,  which  are 
applied  on  the  fiber  surface  with  residues  of  the  paraffin  enuision.  Moreover,  /60 

Che  amount  of  the  lubricants  on  Che  fibers  is  3 to  4 times  greater  than  in  ocher 
methods,  promoting  the  formation  of  a uniform  water-repellent  film  on  the  fibers. 

During  the  thermochemical  creatnenc.  the  distribution  of  the  sizing  agents  (t\'pe 
AGM-9)  over  the  glass  fabric  is  very  irregular.  Their  concentration  is  particularly 
high  at  the  points  of  contact  of  the  fibers;  however,  a considerable  portion  of  the 
glass  fiber  surface  remains  bare. 

To  obtain  a comprehensive  estimate  of  the  behavior  of  waterproofed  fiber  glass 
plastics,  Che  short-time  and  long-time  strength,  creep  and  dielectric  properties 
were  determined  by  testing  the  specimens  in  air.  As  expected,  the  influence  of 
sizing  on  the  dielectric  properties  and  strength  in  ordinary  short-time  tests  in 
air  was  relatively  slight  and  independent  of  the  sizing  mechoa.  The  influence  of 
the  time  factor  on  the  strength  of  fiber  glass  plastics  in  air,  determined  by  the 
ratio  of  long-time  strengths  with  a time  base  of  10^  h to  the  short-time  strength, 
also  depended  little  cn  the  sizing  conditions. 
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Chapter  3 

PROPERTIES  OF  EPOX'i-O’uASS  PLASTICS 
9.  Mechanical  Properties 

The  successful  use  of  fiber  glass  plastics  in  primary  structures  cepends  on 
a detailed  knowledge  of  the  physiconechanical  properties  and  their  effective  con- 
sideration in  the  design. 

The  mechanical  properties  and  methods  of  testing  of  epoxy-glass  plastics  are 
described  in  detail  below,  and  data  are  given  on  the  static  strength  in  short-time 
and  long-time  application  of  loads,  fatigue  strength,  and  shock  resistance. 

Static  tensile  tests.  Tensile  strength  is  determined  chiefly  by  the  strength 
and  amount  of  the  fiber  glass  reinforcing  material,  since  during  extension  of  the 
fiber  glass  plastic  along  the  principal  direction  of  reinforcement,  mainly  the 
fiber  glass,  which  is  an  elastic  body,  is  operating.  At  the  same  time,  the  binder 
is  subjected  to  considerable  deformations  until  the  start  of  failure. 

In  tensile  tests,  the  quantities  determined  are  the  ultimate  strength,  modulus 
of  normal  elasticity,  percentage  elongation  and  Poisson's  ratio,  and  the  nature 
of  the  functional  relationship  between  tne  load  acting  on  the  specimen  and  the  de- 
formation it  produces  is  also  detarmined.  In  tests  along  the  principal  direction 
of  reinfcrcemenc , the  diagram  of  the  functional  relationship  is  usually  represented 
in  Che  form  of  a straight  line  (Fig.  6),  i.  e. , it  may  be  assumed  with  a sufficient 
degree  of  accuracy  that  the  fiber  glass  plastic  obeys  Hcoke's  lav  in  this  case. 
However,  as  vas  shown  by  Smirnova,  Sokolov,  Ya.  S.  Siiorin  et  Hooke's  law 

is  obeyed  only  at  loads  amounting  to  lO-lOT  of  the  ultimate  strength  of  the  fiber 
glass  plastic.  In  contrast  to  most  metals,  the  stress-strain  curve  of  a glass 
fabric  resin  laminate  does  not  show  a yield  plateau,  indicating  brittle  failure 
of  the  material. 


Absolut**  values  of  the  ultimate  strength  and  elongation  depend  on  the  rate  of 
relative  deformation,  size  and  shape  of  the  specimens.  The  above  values  were  ob- 
tained in  tests  at  a loading  rats  of  20  mm/tcin  on  standard  blades  measuring  235  x 
25  X 5 mn.  As  the  rate  of  relative  deformation  increases,  an  increase  in  these 
values  is  observed. 


rig.  6,  Stress-strain  cur*/e  of  epoxyphenol  fiber 
glass  plastic  (cor.pcsice  glass  filler). 

7^  - effective  stress,  kgf/nn—. 

£ - Strain, 


A disadvantage  or  standard  speciraens  is  the  presence  of  fiaces,  vhich  are 
stress  raisers  and  decrease  the  strength.  In  testing  of  specimens  with  unidirec- 
tional reinforcing  fabrics,  such  a decrease  in  strength  is  appreciable, 
since  failure  takes  place  with  shearing  in  the  region  of  the  flutes.  Testing  of 
unidirectional  fabrics  is  usually  carried  out  on  rectangular  specimens  measuring 
250  X 20  X 5 01.11, 

Static  compression  tests.  The  compressive  strength  is  determined  to  a consider- 
able extent  by  the  adhesive  and  cohesive  strength  of  the  resin.  The  magnitude  of 
this  characteristic  is  particularly  dependent  o.n  the  quality  of  the  binder,  type 
of  waterproofing  adhesion  treatment  of  the  reinforcing  fabric, and  conditions  or 
pressing  of  the  fiber  glass  plastic. 

Compression  as  well  as  tension  tests  involve  the  determination  of  ultimate 
strength,  percentage  elongation,  elastic  modulus,  Poisson's  ratio  and  nature  of 
the  stress-strain  relation.  From  the  start  of  loading  to  the  instant  of  failure 
of  the  specimen,  the  compression  curve  of  the  fiber  glass  plastic  closely  follcws 
Hooke's  law  (Fig.  7).  The  ultimate  strength  and  percentage  elongation  in  compression 
of  a fiber  glass  plastic  usually  differ  from  the  corresponding  quantities  in  tensile 
tests.  The  elastic  constants  in  compression,  i.  e. , the  elastic  modulus  and 
Poisson's  ratio,  are  practically  the  same  as  the  corresponding  characteristics 
determined  in  tension. 

The  magnitude  of  the  mechanical  properties  in  compression  as  well  as  tension 
is  affected  by  the  deformation  race,  scale  factor,  and  shape  of  the  specimens. 

In  compression  tests,  standard  specimens  <'10  x 10  x 15  mm)  fail  prematurely 
owing  to  crumpling  at  the  ends,  ^ew  shapes  of  specimens  have  been  proposed  /63 

along  with  devices  for  compression  testing  of  fiber  glass  plastics,  whose  failure 
takes  place  in  the  region  of  hooczeneous  stress. 

flf.  ^ 

Fig.  7.  Compression  cur'.'e  of  epox^/- 
phenol  fiber  glass  plastic  (rein- 
forcing fabric  - ASTT(b)-S.,  glass 
fabric) . 

c - errective  stresses, 
c 

c - strain, 


’.J 


Table  29  shows  the  properties  of  fiber  glass  plastics  in  compression. 

Static  ^nding  tests.  Static  bending  tests  involve  the  simultaneous  presence 
in  Che  fiber  glass  plastic  of  tensile,  compressive  and  shearing  stresses,  and 
therefore,  bending  strength  is  a complex  property  of  the  fiber  glass  plastic, 
convenient  for  estimating  the  quality  of  the  plastic  and  suitability  of  the 
material  for  service  under  certain  specified  conditions. 

It  should  be  keoc  in  mind  that  the  value  of  the  cross-breaking  strength'  - is 
omevhat  high  and  surpasses  the  tensile  and  compressive  strength  indices.  This  is 
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Table  29 

Physiconecnanicai  properties  of  epox>'-glass  plastics  in  compression 

I j Orientation  of  rein- 

i P-nn^rrv  I ^-=rcin%  fabric 


Cocpression  strength,  kgr/mn^: 
parallel  to  the  layers 


perpendicular  to  the  layers 
3 ^ 

Elastic  modulus,  10  kgf/ma^ 


Percentage  elongation,  .’i 
Poisson^s  ratio 


Warp 

Weft  i 

40 

1 

23  ' 

52 

40  1 

50 

! 90  ! 

65 

1 

i ^ : 

2.9 

i 2J,  i 

3.0 

1 2. 2 

J 

1.6 

1.6 

1.9  1 

1 

1.9 

1 

0.13  i 

I 1 

0.2  ] 

! ' 1 

I Note.  Numerator  - values  for  epoxypher.oL  fiber  glass  plastics; 
' denominator  - epoxyamine  plastics. 


due  to  the  fact  that  in  fiber  glass  plastics,  the  distribution  of  stresses  over 
Che  height  of  Che  specimen's  cross  section  dees  not  correspond  to  the  linear  lav 
of  stress  distribution,  vhereas  the  formula  for  calculating  this  characteristic 
or  the  material,  * M/V  (M  being  the  bending  moment  and  V the  cross  sectional 
resistance  moment),  has  been  derived  by  assuming  chat  this  law  is  obeyec.  The 
derleccion  j of  fiber  glass  plastic  specimens  as  a function  of  bending  stress  is 
snovn  in  Fig,  8.  Table  30  gives  the  physlcomechanicai  properties  of  riber  glass 
plastics  in  static  bending  tests. 


Fig.  3.  Deflection  5 vs  bending 
stress  for  ecoxyphenol  fiber 

glass  plastic  with  composite  glass 


Scacic  shearing  cesis.  Depending  on  che  aanner  in  which  che  forces  are 
applied  zo  che  specimen,  three  types  of  sheer  are  distinguished ; 
in  the  plane  of  the  reinforcing  fabric; 
perpendicular  to  the  plane  of  the  sheet; 

along  the  layers  of  the  fiber  glass  plastic  tinterlaninar  shear  or  shear 
along  che  layer). -• 


Table  30 

Physicooechanical  properties  of  epoxy-glass  plastics  in  bending 


1 

1 Property 

Orientation  of  rein- 
forcing material 

i 

Varp  Weft 

L'ltimace  strength,  kgf/ma* 

70  ' M 

78  1 65  1 

1 - 3 

, elastic  modulus,  10  kg: /esc 

2.3  1 2.0 

3.0  ! 2.2 

1 

t Percentage  elongation,  T 

^ - i 

2.i  1 1 

1 

j See  note  in  Table  29. 

Shearing  tests  in  the  plane  of  the  reinforcing  fabric  make  it  possible  to 
determine  Che  strength  and  elastic  properties  of  che  fiber  glass  plastic: 
uitin,..te  strength  of  che  material,  elastic  modulus,  and  maximum  angle  of  torsion, 
and  to  plot  the  shearing  stress-strain  diagram.  To  provide  for  pure  shear  /65 

conditions,  che  specimens  are  tested  in  special  hinged  four-link  chains  which 
convert  che  tensile  forces  into  shearing  ones  by  stretching  che  specimens  along 
one  of  che  diagonals.  The  shearing  stress-strain  diagram  of  che  fiber  glass 
plastic  is  represented  as  a straight  line  in  a rectangular  coordinate  system, 
where  che  shearing  stresses  are  laid  off  along  che  ordinate,  and  the  shearing 
angle  is  laid  off  along  the  abscissa  trig.  9).  The  magnitude  of  che  shearing 
strength  depends  on  the  angle  formed  by  che  varp  of  the  glass  fabric  with  che 
direction  in  which  the  shearing  load  is  acting,  and  depends  little  on  che  type 
of  binder. 

The  shearing  strength  values  for  an  epoxyphenoi  fiber  glass  plastic  are  given 
as  an  example  (Table  31). 

Shear  perpendicular  to  Che  plane  of  the  reinforcing  fabric  is  determined  by 
che  resistance  of  che  glass  fiber  to  transverse  forces;  for  epoxy-glass  plastics, 
the  shear  strength  is  13-15  kgf/ma^. 

The  strength  of  fiber  glass  plastics  in  interlaminar  shear  characterizes  the 
adhesi.on  strength  of  individual  layers  of  rei.afcrcing  fabrics.  It  is  determined 
by  subjecting  soecimer.s  measuring  60  x 10  :<  15  mm  to  bendi.ng  tests  with  a load 
concentrated  at  the  center.  The  distance  between  the  supports  is  10  mm,  which  "ro- 
vides  for  failure  of  the  specimens  due  to  shearing  stresses  through  their  celar.irta- 
tion  along  the  neutral  layer. 
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Table  32  gives  data  characcerlsing  the  incerlasin.ar  saear  scrength  of  epoxy 
liber  glass  plastics  of  different  ccnpositions.  The  highest  characteristics  are 
those  of  fiber  glass  plastics  based  on  a chlorir.e-ccntaining  tetrafunctional  epox^/ 
resin  (£l<hO). 


:,JS  QJOT, 


Fig.  9.  Shearing  stress-strain  dia- 
gram of  epoxyphenol  fiber  glass 
plastic  (reinforcing  material  - 
ASTT(b)-S^  glass  fabric). 


Table  31 

P.hysicomeohanical  properties  of  epox;.*phenol  fiber  glass  plastics  in  shear 


i Direction  of  rein-* 
1 forcemenc 

1 

* Shear  scrength, 
kgf/mni- 

'shear  modulus.  10^ 
t kgf/mm*' 

Maximum  shear  angle, 

1 

' t r 1 

Varp  ! 

19.0 

i 1. 1 

i O.iJ 

' Veit  ' 

' U.5 

1 1-2 

i ■ ' 

* At  45®  angle  | 

( 15.0 

0.95 

! 5. 15 

Creep  and  long-time  static  strength.  Short-time  tests  of  specimens  do  not 
reproduce  the  service  conditions  and  do  not  provide  an  exhaustive  characterisation 
of  the  material.  The  performance  of  the  fiber  glass  plastic  may  be  estimated  '66 

nxuch  more  fully  fron  the  long-time  strength  and  creep  characteristics. 

The  method  of  testing  for  long-time  scrength  consists  in  determining  the 
stress  at  vnich  the  specimen  fails  at  constant  temperature  at  tne  end  of  a given 
time  interval.  V-lier.  a constant  loac  is  applied  for  a long  period  of  time,  the 
strain  of  the  material  increases,  i.  e.,  creep  is  observed.  The  phencmer.on  of 
creep  is  closely  related  to  the  decrease  in  strength,  and  fiber  glass  plastics 
are  charactericed  by  the  fact  that  creep  of  the  material  is  already  obser*/ed  at 
room  temperature  and  at  relatively  small  loads,  whereas  in  the  case  of  metals, 
creep  is  chiefly  ooser/ed  at  elevated  temperatures  or  at  loads  close  to  the  yield 
point.  The  creep  process  is  subdivided  into  three  periods:  period  of  unsteady 

creep,  period  of  steady  creep  daring  which  the  rate  remains  unchanged,  and  the 
period  preceding  the  breakdown  o*  the  specimen,  charactericed  cy  a sharp  increase 
in  creep  rate . ' * 

The  tensile  creep  curves  characteristic  of  an  epoxy’phenoi  glass  laminate  are 
shown  in  Fig.  1C.  It  is  evident  from  the  figure  that  the  duration  of  the  first 


period  is  shore,  aoouc  50  h.  The  serain  buildup  race  of  che  sceacy  creep  process 
in  Che  stress  incerval  of  0.1-0.66  of  the  short-cine  strength  is  slow  ano  does  not 
affect  Che  performance  of  Che  material. The  total  creep  strain  in  tension  is 
5-6,'i  of  the  instantaneous  scrain  corresponding  co  each  stress  level;  in  bending, 
ic  is  slightly  higher  and  equal  to  SV,. 


Table  :: 

Properties  of  epoxy-glass  plastics  In  interlaminar  shear 


and  12.  Sir.ilar  curves  characterize  ether  compositions  or  noc-pressec  epoxy- 
glass  plastics. 


Practically  no  residual  strains  are  observed  in  hot-pressed  fiber  glass 
plastics;  prolonged  action  of  tensile  stresses  amounting  to  0.1-0. 6 of  the  shor 
time  strength  gives  rise  to  residual  strains  chat  do  not  exceed  O.Oi". 
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Pig.  11.  Strain  during  short-time 
application  of  load,  and 

strain  developing  toward  the  end  of 


:.ie  tests  vs  eriective  stress 


tension  for  epox^/phenoi  glass 
laminate  vith  comoosite  glass  filler. 


strain  curing  short- 


time  ap; ilcacicn  of  load; 
-------  strain  accumulated 

after  1000  h under  load. 
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Fig.  12.  Deflectio'^  during  short-i 
application  of  load  5 and  deflec 
tion  accumulated  by  the  end  of  t 
tests  vs  effective  stress  z.  in 


bending. 


deflection  cur in 


short  ti.Tie  application  of  load; 
.X  deflection  after 


1000  h. 


0 ICO  zoo  100  aCG  zOO  6G0  700  zOO  300  t,  '• 


rig.  13  Cur*.’e  of  long-time  tensile  strength  of  epox^-phenol  glass  laminate  vith 
composite  glass  filler. 

t - dtiration  of  tests,  h;  r ^ - effective  ^tensile  stress,  kgf/trmi*';  z^  - short-cir 
tensile 


The  test  results  vere  used  to  plot  long-time  strength  curves  of  materials  /69 

in  tension  13^  sna  to  determine  the  long-time  strength  of  fiber  glass 

plastic.  The  value  cf  the  long-time  strength  is  usually  e:<pressed  in  fracticns 
of  the  corresponding  short-time  strength.  For  epoKv-glass  plastics  with  different 
types  of  reinforcing  material,  the  long-time  strength  in  tension  is  0.6-0.75,  and 
in  bending,  0.6-0. 7 cf  the  snort-time  strength. 

Results  of  tests  of  epoxy-glass  plastic  specimens,  performed  to  determine  the 
long-time  compression  strength,  are  given  in  Table  33. 


Table  33 

Long-time  strength  of  fiber  glass  plastics 


Resin  | 

’ ■ j 

1 

1 Curing  Agent  1 

1 

1 Conventional  long-time 
strengtn  with  a base  of 
' lOCO  h 

* Rpoxydiane  (EO-13) 

Triethanolamine  ticanate  ' 
1 

0.660c  ' 

c.po:<vcvinurate  (ETsD- 

S ame 

0.637:  • ' 

1 

! 

1 c 

ipoxs-diar.e  (0-13)  i 

rhencl-formaldehvie  resin 

0. 66Cd 

! ' 

c 

The  values  of  conventional  long-time  compression  strength  vich  a base  of 
1000  h amount  to  0.6p-0.6-i  of  tne  short-tlr.e  strength  for  e?o:cy  glass  puascics 
based  on  various  binders. 

Static  tstigue.  Fiber  glass  plastics  are  ch^rictcrlccd  by  sensitivity  to 
a repeatedly  applied  static  load  of  the  sis:e  magnitude,  i.  e.  , so-called  static 
fatigue  of  the  material. 

The  conventional  static  fatigue  limit  of  epoxy-^lass  plastics  vith  a base  of 
1000  cycles  amounts  to  0.6-0. 7 of  the  short-time  strength.  Moreover,  thanks  to 
the  attractive  elastic  properties  of  :ne  glass  pl.iscic  almost  no  increase  in  de- 
flection cakes  place  uncer  tr.ese  conditions.  Figure  14  shows  characteristic  cur'/es 
representing  the  change  in  the  deflection  of  specimens  with  increaninc  numoer  of 
cyclas  of  repeated  static  tension.  A.mother  cent irmatim  o:  the  attractive  elastic 
properties  of  the  material  are  the  cnaracteristlc  hysteresis  curves,  plotted  after 
the  first  and  the  one-chousanach  cycle  of  repeated  staci.  loading.  The  hvsteresis 
loops  practically  coincide,  vith  the  unloading  branch  differin’  onlv  slicnclv  fr:.ta 
the  loading  uranch  (Fig.  15).  The  residual  strain  accumulated  bv  the  eno  of  tne 
tests  after  one  thousand  cycles  of  stresses  amountinz  to  O.o-O.’  o:  the  short-time 
strengen  is  of  very  small  magnitude,  on  the  order  of  0.1-0. 3 mm. 

Figure  16  shows  curves  of  static  cotrpresslve  fatigue  for  epoxv-elass  plastics.  '70 
The  ultimate  strength  values  of  cne  glass  plastics  in  repeated  static  compressicn 
based  on  10,000  cycles  amount  to  0. 60-0.71  of  the  short-time  strength  'Tible  . 

Also  of  interest  are  certain  data  rermittini  an  e'-al^aclcn  ire  rer*  r-an.  e 
cf  a glass  plastic  inder  repeated  loading  conditions.  Thus,  for  ef.o— le,  .n  r-»- 
peated  long-time  bending,  specimens  of  eoox’phenol  piisti;  n: 
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fig.  15.  Area  of  hysteresis  loop  as  a function  of  the  number  of  repeated  static 
btsnding  cycles  for  different  values  of  maxic.uc  effective  stresses. 

- effective  stress,  kgr/rca*-;  5 - deflection,  cxi; 

1-  cycle  - 1000  cycles. 


Fig.  16.  Curves  of  static  fatigue  in  repeated  static  cottpression  of  epoxyatnine 
glass  plastic  based  on  satin-weave  glasc  fabric. 

*nax  * '^sxlaun  stress  of  cycle,  kgi/!cn^;  - long-tine  strength  of  glass  plasti 
in  cor.oression,  kgf/rra-. 


of  150  h o:  operation  and  50  h of  relaxation  at  stresses  no  greater  than  0.7  of 
the  short-ciT.e  bending  otrengch.  in  tests  for  repeated  long-citie  tension,  the 
specimens  withstood  tvo  cycles  (1000  h of  operation,  50  h of  relaxation)  at 
stresses  not  exceeding  0.^  of  the  short-citre  strength.  It  is  o:  interest  that 
an  increase  in  relaxation  cine  frora  50  to  5C0  h aid  not  aopreciablv  alter  the 
experic*entai  results. 


Dvnanic  ^acigue_3tren3th.  The  resistance  of  a fiber  glass  plastic  to  fatigue 
-allure  is  represented  by  a tatigue  curve.  As  Che  stress  anplicude  decreases,  this 
curve  becomes  increasingly  more  level,  but  in  contrast  to  the  curves  of  metals,  has 
no  asymptote.  Thus,  according  to  the  data  of  ?.ef.  51,  even  with  a test  base  up  to 
lO'--  cycles,  the  horizontal  portion  of  the  fatigue  curve  Is  not  reached.  tc  is 
possible  cheretore  tc  speak  only  of  a conventional  fatigue  limit  of  fiber  glass 
plastics,  limited  bv  a certain  test  base,  i.  e. , by  che'highest  stress  wichstooc 
by  rne  specimen  witnout  fatigue  failure  in  the  course  of  a predetermined  number  of 
cycles.  The  fatigue  strength  test  base  is  usuallv  assumed  to  be  1 x l0=-5  1C’ 

cycles. 


.n  <;uaiitative  criterion  of  the  fatigue  failure  of  a specimen  is  the  appearance 
uf  a \isib-e  .atigue  cractc..  However,  specimens  which  have  undergone  tests  and 
cevelopec  cracks  have  very  high  strength  and  other  properties  and  it  mav  therefore 
be  assumed  that  the  value  of  the  conventional  fatigue  limit  for  a fiber  glass  plastic 
Is  somewhat  low. 


rig.  17.  Tatigue  strength  in  cyclic  bending  vs  number  of  cycles  n for  epcx%*?henoi 
glass  plastic  with  composite  glass  filler. 


According  to  the  loading  scheme,  one  distinguishes  fatigue 
bending,  bending  throug.h  an  angle,  and  pulsating  tension,  a fib 
is  characterized  by  a marked  dependence  of  the  ultimate  strength 
of  load  changes.  The  fatigue  curves  (Fig.  17)  were  oiocted  at  a 
or  900  oscillations  per  minute,  the  fatigue  limit  being  0.10  c,  . 
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A hea:ir.g  up  ot  fiber  glass  plastic  speciTtens,  depenuent  on  the 

oscillation  frequency  and  anpiitude,  is  observea  in  dynamic  tests.  The  material 
of  the  specimen  heats  up  because  the  fiber  glass  plastics  have  large  hysteresis 
losses  in  comparison  with  metals.  An  increase  in  the  frequency  of  loaa  alterna- 
tion or  oscillation  amplitude  leads  to  a corresponding  increase  in  the  amount  or 
heat  evolved  per  unit  time,  whereas  the  heat  transfer  to  the  ambient  medium  changes 
insignificantly.  As  a result,  the  temperature  of  the  specimen  rises.  Thus,  at  a 
frequency  of  1000  oscillations  per  minute,  the  overheating  of  the  specimen  amounts 
to  50-75*C,  and  at  300  oscillations  per  minute,  only  25-JO*C. 

An  important  feature  of  the  dynamic  properties  of  a material  is  the  internal 
dissipation  of  energy  (damping  capacity),  which  along  with  the  fatigue  limit  de- 
termines the  strength  of  the  part  during  its  operation  under  near-resonance 
conditions.  Resonance  conditions  are  the  most  dangerous  ones,  since  they  frequently 
lead  Co  ruptures  and  breakdowns  at  comparatively  moderate  work  loads. 

The  damping  capacity  of  a material  is  usually  represented  by  the  logarithmic 
decrement,'*^  which  Is  the  race  of  damping  of  free  transverse  osciil‘'tions  of  a 
cantilever  specimen.  As  compared  to  metals,  fiber  glass  plastics  have  more  pro- 
nounced damping  properties,  which  permit  their  successful  application  to  operating 
conditions  involving  vibration  loads  and  resonance  phenomena. 

The  higher  rasiscance  of  fiber  glass  plastic  structures  to  vibration  ioads^in 
comparison  with  an  aluminum  alloy  may  be  illustrated  by  the  following  example.'*-^ 

One  of  the  two  stators  of  helicopter  fans  was  made  of  aluminum  alley,  and  the  ocher, 
of  fiber  glass  plastic.  3och  stators  were  tested  with  a vibration  load  at  a fre- 
quency equal  to  the  natural  frequency  (for  fiber  glass  plastic,  75  cycles/sec,  and 
for  the  metal,  100  cycles/sec) . The  metal  stator  broke  down  after  3.1  x 1C"  cycles, 
whereas  the  fiber  glass  plastic  stator  did  not  break  down  after  15  x 10®  c>cles 
and  exhibited  a satisfactory  damping  capacity  (the  amplitude  was  1/3  of  the  amplitude 
of  the  metal  stator). 

Shock  resistance  testing  methods.  At  Che  present  tine,  shock  resistance  is 
characterised  by  standards  (xTOST  1647-62)  specifying  tests  of  plastics  for  trans- 
verse impact  bending  with  decermi nation  of  Impact  strength,  i.  e.,  work  done  in 
breaking  the  specimen,  referred  to  its  cross  sectional  area.  The  quantity  "a"  ob- 
tained by  this  method  is  largely  conventional  and  cannot  be  directly  applied  to 
the  design  of  articles  or  their  parts  from  the  standpoint  of  impact  loads.  The  / 

value  of  impact  strength  is  usually  employed  only  for  a comparative  estimation  of 
the  quality  of  a material. 

The  behavior  of  a fiber  glass  plastic  exposed  to  impact  loads  can  be  estimated 
more  reliably  by  means  of  the  characteristics  of  general  and  local  strength  proposed 
by  L.  M.  Kosicskiy . “ 

The  overall  strength  of  a fiber  glass  plastic  under  impact  load  Is  determined 
bv  means  of  specific  wo r k or  specif ic  energy  capacity  R,  i.  e. , the  work  done 
in  breaking  the  specimen,  referred  to  a unit  volume.  The  adoption  of  specific 
energy  capacity  as  the  basis  for  the  characteri.scics  of  a material  under  impact 
loads  makes  it  possible  to  describe  the  behavior  of  the  material  under  impact  bend- 
ing, tension  and  compression.  Table  35  gives  the  characteristics  of  overall  strength 
under  impact  loads  for  an  epoxyphenci  glass  plastic  in  comparison  with  the  correspond- 
ing characteristics  of  certain  ocher  materials. 


61 


L 


Table  35 

Characteriacics  oi  overall  strength  under  inpact  loads  for  certain  structural 
nateriais"*  - 


! 

Strength,  kgf 

1 

1 

Bending 

Tensile 

Compressive ' 

; Epojcyphenol  glass  plastic: 

' along  warp  fibers 

65 

73 

61  1 

I along  weft  fibers 

56 

64 

53  1 

' across  warp  fibers 

49 

- 

! across  weft  fibers 

34 

! Structural  steel 

8.3-13 

1’ 

1 Stainless  steel 

76-90 

110 

Gray  cast  Iron 

4. 3-6.0 

9 

- 

j Tin  bronze 

10.5-14.0 

17 

1 Wood  laminate 

26.5-30.0 

35 

‘ Wood  (pine) 

1 

8.0-12.0 

-5 

- 

The  overall  scren-gth  ot  epo:c/-glas3  plastics  under  impact  loads  is  higher  chan  1 

chat  of  many  stcuccural  materials  ir.  use  at  the  present  time,  and  is  Inferior  only  I 

to  that  of  alloy  steels.  However,  the  high  overall  strength  of  a glass  fabric  resin  I 

laninate  cannot  be  uttliced  under  repeated  impact  loads  because  the  material  is  1 

anisotropic  and  because  of  its  appreciable  energy  capacity  of  local  contact  strain. 

3y  energy  of  local  contact  strain  is  meant  the  energy  of  local  failure 
the  material,  associated  with  the  fcnnacicn  of  cracks  and  delaminations  disrupting 
the  continuity  of  the  material.  Even  under  single  impacts,  the  fiber  glass  plastic 
becomes  delaminated  in  seme  cases.  In  impacts  lasting  a long  time,  the  concentra- 
tion of  strain  energy  in  the  weakest  areas  of  bonding  of  the  glass  fabric  creates 
favorable  conditions  for  aelamlnation.  This  phenomenon  is  typical  of  all  laminates  /T5 
and  causes  the  relative  energy  of  local  strain  r,  corresponding  to  the  beginning 
of  general  failure  , to  be  much  higher  than  in  structural  steels,  cast  iron,  or 
bronze.  Thus,  for  fiber  glass  plastics,  r is  1700  and  4250  kgf  cm  cm'  in  impact 
bending  along  the  fibers  and  across  them,  respectively,  whereas  for  structural  steel 

it  is  110  kgf  cm/ cm''  and  for  bronze,  200  kgf  crn/cm’.  j 

Of  interest  are  the  experimental  data  obtained  by  S.  A.  Antonov  and  A.  ,\.  ] 

Kognovicskiy , who  studied  the  local  strength  of  edges  of  articles.  The  data  are  ! 

comparative  in  nature  and  make  it  possible  to  compare  the  impact  resistance  of 
the  edges  of  specimens  of  a glass  fabric  laminate  and  metals.  If  the  impact  re- 
sistance of  Che  edge  of  a specimen  of  St.  3 steel  10  mm  thick  is  taken  as  unity, 
the  i.mpacc  resistance  of  the  edges  of  the  other  materials  studied  with  the  same 
thickness  may  be  expressed  in  the  following  relative  values:  0.S2  - L.Mts2h-35-3-l 

brass;  0.52  - lKhK^39T  stainless  steel;  0.42  - fiber  glass  plastic. 

The  impact  resistance  of  rhe  edges  of  fiber  glass  plastic  specimens  decre.ases 
even  more  under  repeated  impact,  and  after  the  third  impact  it  drops  by  a factor 
of  four  as  compared  to  the  initial  resi.?tance,  then  remains  practically  unchanged. 

The  insufficient  impact  resistance  of  the  edges  may  be  partially  offset  by  in- 
creasing the  relative  thickness  of  the  edee.  Thus,  while  in  the  case  of  impact  on 
3 specimen  10  nn  chick,  the  test  leaves  only  a slight  mark  of  the  pendulum  hammer 
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oc\  the  edge,  and  the  surface  layer  of  the  macerlai  is  not  broken,  in  the  case  of 
iapacc  vith  the  sane  initial  potential  energy  of  the  harjr.er  on  a specimen  5 ma 
thick,  Che  edge  splits, 

10.  Agir.g  of  Fiber  Glass  Plastics 

Aging  is  the  tera  applied  to  the  change  in  the  properties  of  a fiber  glass  plas- 
tic vith  time  under  the  influence  of  several  factors:  huraidity,  temperature, 

solar  radiation.  The  decline  in  the  mechanical  and  dielectric  properties  ob- 
served during  aging  is  the  result  of  complex  chemical  and  physical  processes  tak- 
ing place  in  the  material.  The  chief  purpose  of  the  study  of  the  influence  of 
various  factors  on  the  properties  of  fiber  glass  plastics  is  to  determine  the 
service  life  of  the  products  under  various  service  conditions. 

Effect  of  temperature  on  the  properties  of  fiber  glass  plastics.  Ship  machine 
building  products  are  used  over  a wide  temperature  range,  from  -40®C  to  200®C. 

The  most  severe  conditions  arise  at  elevated  temperatures. 

The  ability  of  a material  to  perform  at  elevated  temperatures  is  usually 
characterized  by  the  Martens  temperature,  i.  e. , the  temperature  at  which  the 
deformation  of  the  tested  specimen  under  a bending  load  of  50  kgf/ca*-  is  6 mm.  /T6 

For  epoxyphenol  glass  plastics,  the  Martens  temperature  is  240-2SO^C,  and  for 
epoxyamine  glass  plastics,  180-220^0.  However,  experience  *’ith  the  use  of  fiber 
glass  plastics  for  articles  operating  at  elevated  temperatures  has  shown  chat  this 
index  is  not  sufficient  in  selecting  the  maximum  working  temperature  for  a specific 
article.  A correct  selection  of  the  working  temperature  of  a fiber  glass  plastic 
makes  it  necessary  to  know  its  strength  at  different  temperatures,  the  glas5i  transi- 
tion temperature,  and  the  degradation  temperature  of  the  binder. 

The  glass  transition  temperatures  of  the  binders  may  he  determined  from  the 
temperature  dependence  of  the  deformation  or  hardness  of  tne  polymer  at  constant 
load.  As  an  example,  Figs.  IS  and  19  show  thermomechanical  cuir;es  of  epoxyamine 
binders  of  different  compositions. 


Fig.  IS.  Thermomechanlcal  cur*.'es  of 
epoxyamine  binder  based  on  ED-13  resin 
under  different  curing  conditions. 


: - ibO’C, 
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Fig.  19.  Thermomechanical  curves 
of  epoxyamine  binder  based  on  EkhD 
resin  under  different  curing  condi- 
tions. 


1 - 160*C,  : h; 

3 - 160‘C,  12  h. 


loC  * C , 9 h : 


j 


i60“C 

loO'C 


The  rherr.om^chaaicai  curves  of  epoxy  binders  show  :wc  dis:inc:  portions.  T.'.e 
cirsc  portion  corresponds  to  the  vitreous  state,  ciidructeritei  by  scail  ieforra- 
cions,  and  the  second  portion,  to  a h^/perelascic  state  with  lar^e  reversible  le- 
formaclons.  The  Ceaperature  of  transition  of  the  vitreous  to  the  hyperaiascic 
state  IS  temed  the  glass  transition  teioerature  of  a poi*rr.er.  In  view  of  the  fact 
that  the  transition  trom  the  Uyperelastic  to  the  vitreous  state  for  epoxv  bincers 
is  not  ciear^cuc,  the  gxass  transition  teactracure  is  determined  froa  the  point 
of  intersection  of  the  tangents  to  the  therxoaechanical  curve  in  the  regions  of 
the  vitreous  and  hyperelastic  states. 


ihe  glass  transition  temperature  of  a cured  binder  makes  it  possible  to 
estimate  the  rigidity  oc  the  reticulate  structure  obtained  and  degree  of  curing, 
and  is  one  of  the  most  important  characteristics  o:  the  binder.  The  glass  transi- 
tion temperature  depends  on  the  chetaical  structure  of  the  epoxv  resin,  curi.ng 
agent,  and  degree  of  curing.  As  a rule,  cured  polyfuncttonal  epoxy  resins  have 
a higher  glass  transition  temperature  than  bifunctional  ones-  For  example,  in 
curing  with  triethanolanine  titanace,  ZKhD  resi.n  has  a glass  transition  tempera- 
ture or  153  C,  E?OF  resin,  155*C,  and  ED-13  bifunccional  epcxydiane  resin,  93*C. 
In  curing  with  methyltetranydrophchaiic  anhydride,  ETs-K  polvfunctior.ai  resin 
(criglycidyl  isocyanurats)  has  a glass  transicicn  temperature  of  dCC^’C,  ana  ED-2Q 
birunctional  epoxydiane  rsstn,  LA5*C. 


Table  36 

Fhysicomechanical  properties  of  epoxypher.ol  glass  plastic  vs  temperature 


I 

i 

1 Procerty 

1 

In  initial  , 

I state  , 

1 1 
Testing  tempe 

.After  720- 
hour  exposure 

to  :oo’c  ' 

rature  20“C 

In  initial 
state,  test- 
ing tempera- 
'cure  lao^’C 

1 

i Impact  strength,  kgf  a/ca*’ 

i . ' 

3.26  I 

5.30 

• Strength,  kgf/=n*: 

1 

bending 

• 42.30  1 

46.10 

9.43 

ccapressive 

51.10  ' 

62.66 

41.60 

■ Spurring  ra.slsrjnce,  kgz 

^12 

316 

2 4 

‘ ^^oCe.  Reinforcing  material 

- brand  £ fabric. 

1 

i..e  vU.ing  agent  has  a major  etfect  on  the  glass  transition  temperafure.  In 
curing  vith  anhydrides , aromatic  amines  or  phenol  resins,  more  heat-resistant  compos 
tions  sre  obtained  than  in  curing  with  tertiary  amines. 

^ith  incraasir.g  degree  of  curing  in  long  exposures  to  temperatures  of  l‘*0-130"C 
additional  cross-linking  of  the  binder  takes  place  as  a result  of  the  interaction 
of  secondary  hydroxyls  of  the  epoxy  compound  with  epoxy  groups  or  mechylol  nydroxvls 
(in  curing  with  phenol-formaldehyde  resin);  at  the  same  time,  the  glass  transition 
temperature  increases. 

^ At  operating  teoperatures  below  the  glass  transition  temperature  cf  the  binder, 
fiber  glass  plastic  articles  retain  relatively  nigh  strength  characteristics  (Table' 
36).  AC  a service  temperature  above  the  glass  transition  temperature  of  the  binder, 
t.ie  mobiiity  or  aacronolecular  segments  increases,  the  intermolecuiar  interaction 


6^ 


or  ^he  secir.encs  weakena>  and  deformations  of  the  binder  develop.  These  processes 
are  inevitably  associated  with  a marked  decrease  in  strength  and  increase  in 
creep  of  the  fiber  glass  plastic. 

The  change  in  the  strength  of  a fiber  glass  plastic  as  a function  of  tempera-  .'73 
ture  depends  on  the  type  of  stressed  state. 

The  effect  oi  temperature  on  the  strength  cf  fiber  glass  plastics  is  apparent- 
ly related  not  only  to  the  loss  of  strength  of  the  binder,  but  also  to  the  change 
in  the  mechanism  of  transfer  of  forces  in  the  system.  In  the  case  of  appreciable 
shearing  stresses,  when  the  main  load  is  borne  by  the  binder,  the  decrease  in 
strength  is  more  appreciable  chan  in  the  case  of  tension,  when  Che  main  load  is 
received  by  the  reinforcing  material.  As  the  temperature  increases,  the  tensile 
strength  (homogeneous  stressed  state)  changes  much  leas  than  the  bending  screngtn 
(inhomogeneous  stressed  state).  The  bending  strength  decreases  by  a factor  of 
10-12,  and  the  tensile  strength,  three-four.  Whe.n  fiber  glass  plastics  are  loaded 
at  an  angle  to  the  warp,  the  effect  of  temperature  on  strength  increases,  since 
the  working  area  of  the  polymer  binder  is  enlarged.  Poisson's  ratio  also  increases 
with  rising  temperature.  The  process  of  decrease  in  strength  is  reversible,  and 
Che  incermolecular  interaction  is  restored  after  the  temperature  drops. 

Thus,  loaded  artlc.les  of  fiber  glass  plastic  can  serve  for  l.'ng  periods  of 
time  only  a:  temperatures  below  the  glass  tra.nsiticn  temperature  ne  binder, 
and  unloaded  ones,  above  the  glass  cransic...cn  temperature,  but  belc-  the  binder 
degradation  temperature.  The  temperature  at  which  degradation  begins  for  epoxy- 
phenol  binders  is  250-2S0*C,  and  for  epoxyamine  binders,  1S'0-210‘*C. 

Above  the  degradation  temperature  of  tha  binder,  a decrease  in  the  strength 
of  the  fiber  glass  plastic  takes  place  which  progresses  rapidly  and  is  irreversible. 
Thermal  degradation  starts  with  the  cec.-ichment  and  decomposition  of  the  epo:c’  groups, 
and  involves  the  formation  of  gaseous  products,  aldehydes,  and  water.  In  addition, 
bonds  oetween  carbon  atoms  in  aliphatic  portions  of  the  chains  may  be  broken. 

Above  300*C,  decempositior.  of  the  glass  fiber  begins  in  the  fiber  glass 
plastic,  involving  the  formation  cf  not  only  longitudinal  but  also  transverse 
cracks,  which  cause  a decrease  in  the  effective  length  of  the  fiber.  After  200  h 
of  aging  at  ^*00*0,  the  effective  fiber  length  decreases  so  much  chat  the  fracture 
of  Che  specimen  after  the  bending  test  does  not  even  have  a fibrous  structure, 
and  Che  fiber  is  accually  converted  Inco  a powdery  filler, 

The  service  life  of  fiber  glass  plascic  articles  at  temperatures  above  3C0*C 
is  determined  by  the  time  required  for  the  temperature  of  the  anDienc  medium  to  be 
reached  throughout  the  glass,  i.  e. , by  the  thickness  and  chermcphysical  properties 
of  Che  article  (Table  37).  The  action  of  a meaium  at  SoO-lOO^C  for  1-2  m.in  does 
not  cause  any  appreciable  decrease  in  strength.  As  the  temperature  increases 
further  to  730*C,  a specimen  of  upoxyphenoi  fiber  glass  laminate  ignites  spontaneous- 
ly in  13  sec. 


Fiber  glass  plastic  articles  are  successfully  used  at  low  temperatures, 
from  -40  CO  -b0*C,  where  even  a certain  Improvement  in  the  properties  cf  the  fiber 
glass  plastics  is  obser/ed.  Apparently,  the  rigidity  and  plastic  strain  resistance 
of  the  vitrified  binder  and  the  strength  of  the  glass  fiber  increase  at  low  tempera- 
tures . 
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Table  37 

Theraophysical  properties  of  epojr/phenoi  ^jlass  plascics'“ 


Testing  temp-' 
erature,  ®C 

i 

Cce: f icient 
of  linear  1 

e.xpansion  a,  ' 

j 

Coefficient 
i of  thermal 
' conductivity ' 
i A , «*/  (m  K) 

Thermal  diffu-  Specific  heat; 
sivity  a,  iO-"* ' capacity  c, 
m^'h  |kJ/(kg  :<)  j 

i ! 

' ;o-ioo 
• 100- :oo  : 

, 1 

b.:  X 10-=  : 

i 1 

! 0.32-0.39  1 

0.36-0.10  1 

1 : 

7.5  ' 0.90-1.2  1 

6.3-'. 1 ! 1.15-1.3  ' 

1 1 

Effect  of  atncspheric  conditions  on  the  properties  of^  fiber  glass  plastics. 

When  articles  are  used  at  atmospheric  conditions,  aging  of  fiber  glass  plastics 
taK.es  place  under  the  influence  of  such  factors  as  solar  radiation,  abrupt  tempera- 
ture change,  huaidity,  precipitation  in  the  tors  of  rain,  snow  and  fog,  etc. 

The  factor  responsible  for  the  most  pronounced  asir.g  of  fiber  glass  plastics 
is  the  ultraviolet  portion  of  solar  radiation  (3000-1000  X) , vhlcn  alters  the 
supemolecular  structure  of  the  binder  and  accelerates  the  cracking  of  the  sur- 
face layer  and  its  mechanical  shelling  ("chalking")-  «n  abrupt  temperature  change 
intensifies  the  processes  of  microcrack  formation  in  the  binder.  3y  penetrating 
into  the  microcracks,  moisture  produces  a splitting  pressure  which  leads  to  a 
gradual  ir.crease  in  the  surface  of  the  defects.  Finally,  wind  and  precipi tacicn 
remove  Individual  binder  particles  from  the  surface,  considerably  accelerating 
the  processes  of  erosion  of  the  resin  film  on  fiber  glass  plastic  articles. 

kt  the  present  time,  the  atmospheric  stability  of  a fiber  glass  plastic  is  esti- 
mated by  means  of  field  tests  and  laboratory  tests  in  artificial  weather  charr.oers 
using  various  techniques.  The  laboratory  testing  techniques  involve  an  intensifica- 
tion of  the  aging  process  for  the  purpose  of  reducing  the  testing  periods.  In 
one  such  technique  of  accelerated  aging,  deveioned  by  the  Institute  of  Mecalio- 
polym.er  Systems,  Academy  of  Sciences  of  the  Belorussian  SSR,*^  the  |pecim.ens  are 
subjected  to  the  combined  action  of  irradiation  in  the  3000-10,000  A wavelength 
range  at  elevated  and  low  temperatures,  and  variable  humidity  with  thermal  shocks 
from  55®C  to  -d5'*C. 

The  character  of  the  structural  changes  and  changes  in  mechanical  properties 
in  tests  under  laboratory  conditions  is  identical  to  analogous  cnanges  under  natural 
conditions.  -*00-600  h of  accelerated  tests  correspond  to  6-?  months  of  tests  under 
tropical  ccndicicns  or  15-13  months  of  tests  under  the  conditions  prevailing  in  /80 

Leningrad . 

.\3  a result  of  aging,  the  irradiated  side  of  the  specimens  and  articles  made 
of  fiber  glass  plastics  shews  a loss  of  surface  luster  and  erosion  of  the  surface 
layer  of  the  binder  in  prolonged  tests,  revealing  Che  structure  of  the  glass  fabric 
and  causing  an  increase  in  the  roughness  of  the  surface.  However,  the  depth  of 
penetration  cf  ultraviolet  radiation  does  not  exceed  0.5-0. 6 mn;  all  the  structural 
changes  take  place  tn  the  surface  layer  of  the  binder,  and  the  atmospheric  re- 
sistance of  tne  fiber  glass  plastic  Is  determined  primarily  by  the  properties 
of  the  binaer. 
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Tii.  ZO.  X-rav  powder  pattern  ot  epoxyaair.e  binders. 

i,  2 - binder  based  on  £0-13  resin  before  and  after  atricspheric  aging; 
3,  .»  - blr.der  baaed  on  £!<hD  resin  before  and  after  ataospneric  aging. 


On  the  irradiated  side  of  binder  speciaiens,  in  a study  oi  their  atmospheric 
resista.nce.  the  appearance  of  a dense  network  of  surface  cracks  visible  under  the 
microscope  is  obser'/ed.  Studies  of  the  supermolecular  structure  of  epox^;  binders 
make  it  possible  to  explain  the  erosion  of  the  surface  layer  of  fiber  glass  plastic 
articles.  The  atmospheric  aging  process  involves  a redistribution  of  the  relative 
arrangenent  of  the  binder  macroicolecules  and  dis ruption  of  the  previously  existing 
short-range  order  in  their  arrangement  (Fig.  20). 

Solar  radiation  causes  a change  In  the  globular  structure  of  epoxy  binders 
and  a peculiar  '’enlargement’*  of  alaj3ents  of  the  supemolecular  structure.  Micro- 
cracks appear  at  the  boundary  between  these  elements.  The  bonding  between  individual 
enlarged  structural  elements  is  substantially  weakened.  Changes  in  the  globular 
structure  are  obser/ed  with  the  aid  of  an  CE>n^-100  electron  microscepe  at  a magni- 
fication of  5000-14,000  (rig.  21). 

The  formation  of  an  extensive  aicrocrack  network  under  the  influence  of  solar  /S2 
radiation  is  particularly  manifest  when  one  obsen/es  a low-temperature  fracture 
of  the  surface  layer  of  the  specimens  before  and  after  atmospheric  aging  under  an 
MIX-3  microscope  in  reflected  light. 

Before  atmospheric  aging,  The  surface  of  the  low-temperature  fracture  of  the 
specimens  has  a peculiar  ’’banded”  structure  characteristic  or  glassy  polNiaers. 

\fter  atmospheric  aging,  the  surface  of  the  fracture  has  a ''reticulate”  structure. 

The  obser/ed  structure  is  formed  by  the  intersection  of  the  frsne  of  the  primary 
crack  (during  fracture)  with  the  front  of  secondary  cracks  formed  under  the  in- 
fluence of  solar  radiation.  VTnen  the  distribution  of  nicrocracks  is  relatively 
jnlfora,  a reticulate  structure  with  rectangular  or  more  intricate-shaped  ceils  is 
formed  Fig.  ZZ), 
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;cular  scrucc’jra  of  cured 
laccron  microscope  at  a : 
afcer  four  monchs 


eporo/aaime  binder  baaed  on  ED-V  e?o 
:agnificacion  o:  oOOO:  a - in  che 

exposure  ro  natural  atmospheric  conditici 


surraj« 


After  ■^*00  h of  exposure  under  laboratory  conditions,  the  networic  or 
cracks  becomes  so  extensive  that  the  mechanicoL  strain  causes  tree  partiries  tJ 
become  detacned  from  the  surface  of  the  specimens,  i.  e.,  chalking  takes  p«ace. 
The  mass  of  binaer  specimens  initially  increases  sortewna:  as  a result  of  moisture 
absorption,  then  decreases  because  of  tne  chalking  process  (Fig.  11). 
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Fig.  23.  Effect  of  atmospheric  aging  on  the  mass  of  specimens  _p  of 
cured  epoxyamine  binders. 

1,  2 - atmospheric  aging  in  an  artificial  weather  chamber  (t  , h);  3,1- 

atmospheric  aging  unuer  natural  conditions  (t  . months*;  1,  3 - binder  based 
on  £KhD  rcsin;  2,  ^ - binder  based  on  ED-i3  resin. 

On  the  basis  of  existing  data,  one  can  postulate  that  under  the  influence  or 
solar  radiation,  oxidative  degradation  and  secondary  cross-linking  take  place  ir. 
the  surface  layer  of  the  binder.  The  degradation  creates  free  spaces  due  to  cht 
volatilization  of  gaseous  products.  It  promotes  the  disruptirn  *‘t  snort- 
range  order  in  the  arrangement  of  the  macromolecules,  formation  of  a secondary 
supermolecular  structure  made  u?  of  enlarged  elements,  and  appearance  of  micro- 
cracks  at  the  interface  of  these  elements. 

The  mechanical  action  of  wind,  raindrops  and  snow  causes  tree  particles  to 
detach  themselves  from  Che  surface,  resulting  in  surface  erosion  of  the  binders. 

One  of  the  ways  of  slewing  down  the  erosion  of  the  surface  layer  is  to  intro-  /S3 

duca  photo-  and  therrnostabillzers  into  the  composition  of  the  binders  of  fiber 
glass  plastics.  Their  action  is  based  cn  their  strong  absorption  of  ultraviolet 
light  and  inertness  to  thermal  and  photodegradaCion.  Such  compeunds,  which  absorb 
the  entire  range  of  ultraviolet  ligne,  include  e powdery  filler  - aiffusion  gas 
black.  It  has  been  found  chat  the  effectiveness  of  carben  black  as  a stabilizer 
increases  with  the  introduction  of  certain  poi>*meric  sul:ur-':or.caini.ng  compounds: 
thicethers,  thiols,  disulfides.  Into  the  binder  of  the  shaping  layers  of  stabilized 
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fiber  glass  piasrics  are  incroaucad  5Z  of  :g-1C0  gas  black  ar.d  O.V:  of  :niurax  d 
sulriue  (t!»e  percencage  is  calculated  :rcx  the  rjass  o:  the  resin>, 

Irv  the  presence  of  surface  erosion  of  articles  in  tne  course  of  atmospheric 
aging  and  an  appreciable  increase  in  roughness^  it  is  desirable  to  apply  a pro- 
tective organic  coating  on  the  articles.  EP-jdS  epo:c/  paint,  :<hV-U3  perchloro- 
vinyl  paint,  etc.,  are  recoraended  as  atmosphere-  anj  water-resistant  paints. 
Sefore  the  articles  are  painted,  they  should  first  be  degreased. 

If  Che  protective  organic  coating  is  pericdlcally  renewed,  the  articles  can 
be  used  under  acaospheric  conditions  for  long  periods  of  tirae.  The  strength 
characteristics  of  fiber  glass  plastic  specimens  change  Insignif icar.tly 
during  exposure  to  atmospheric  conditions  (Table  33). 


Table  33 

Strength  limits,  kgf/mn^  in  compression  of  epoxyamine  glass  plastics  after  exposure 
to  atmospheric  conditions 


' Resia 

1 

1 Monchs  j 

1 

1 0 1 

t 1 = 

Id  '36 

ED-13  spoxydiane  i 

1 55.0 

52.0 

51.2  49.5 

ETiD-13  epoxyc^/anuraca  1 

53.0 

54.1 

52.5  ■ 53.1 

b'?-63  epoxyresorcinol  ' 

57.5 

53. S 

51.4  . 52.1 

1 

Eit«t_?.Lwai:ar_on  .the  properties  of  fiber  glass  plestics.  Esrsblishin; 
toe  nature  of  the  change  in  the  properties  of  a fiber  5iass  plastic  dee  Co 
the  action  of  water  is  or  aajor  pracricol  iaportanca  in  lieteralning  the  sebscantiated 
reserve  strength  factors  in  the  design  of  articles. 

The  water  resistance  of  latetials  is  estinated  fron  the  values  of  water  ab- 
sorption, change  in  nechanical  characteristics  after  exnosure  to  water,  ar.d  olffusion 
('moisture)  constants. 

..le  water  absorption,  1.  e. , moisture  content  per  unit  mass,  is  determined  bv 
weighing  the  specimens  after  certain  periods  of  erqjosure  Co  water.  The  kinetics  of 
the  water  absorption  process  is  usually  described  in  the  tom  of  sorption  curves, 
whi-h  asymptotically  approach  the  ma.'cltiun  value  of  equilibrium  water  absorption, 

• he  change  in  .mechanical  properties  is  determined  after  the  specimens  remain  5i 

..n  ..ater  under  laboratory  and  natural  conditions  (on  underwater  stands  and  in 
different  climatic  cor.es^. 

:he  water  absorption  nineties  and  change  in  properties  In  water  depend  on  the 
liaenslons  or  the  specimens  being  tested.  Absolute  characteristics  independent  of 
t.ne  dimensions  of  the  specimens  arc  the  dif fusion  constants  (permeability  coefficient, 
dittuslon  coefficient,  solubility  coefficient).  They  make  it  possible  to  calculate 
:.-e  times  or  water  filtriflon  through  fiber  glass  plastics  of  anv  thicknesses 
and  :o  comoara  different  materials  wlt.i  one  another. 

-he  permeability  coefriciont  ?,  g/(cm  Torr  h),  quantitatively  charactarices  the 
passage  of  wafer  vapor  ihrougn  the  m.aterial;  the  diffusion  coefficient  2,  emvh. 


TO 


characterizes  the  race  of  filcracion;  the  solubi-iicy  coe: : izier.t  ri,  g/(ca'  Torr), 
characterizes  cae  dissolution  of  water  in  the  aaterial."^ 

The  diffusion  constants  of  fiber  glass  plastics  are  decerained  in  two  ways: 
bv  couloraecry  and  by  sorption.’  In  the  coulcaetric  cethod,  the  tested  specir.en 
is  placed  in  a chamber  where  a given  water  vapor  pressure  is  estabiisheo  or. 
one  sice,  ano  a vacuua  of  10“^-10""  Torr  is  produced  on  the  other  side. 


The  aoisture  constants  are 


calculated  froa  Berrer's 


foraulas: * 


. 

(5) 

“ 60  ' 

Od 

(6) 

ScSj 

P 

(7) 

where  d is  the  thickness  of  the  speciaen,  cai; 

is  the  cirae  lag  (before  the  appearance  of  noisture) , h; 

Q is  Che  amount  of  moisture  which  has  passed  through  the  specimen  in  a given 
time  interval  c,  h; 

.S  is  the  area  of  the  specimen,  cm*-; 

Ip  is  the  pressure  difference,  Torr. 

In  the  sorption  cethod,  the  specimens  are  placed  in  water,  and  equilibrium  water 
absorption  is  determined. 

The  diffusion  coefficient  is  calculated  from  a formula  obtained  from  Fick’.s 
equation*  * » ’’■* 


Sc 


(8) 


where  d is  the  thickness  of  the  specimen,  cm; 

Q is  the  amount  of  moisture  absorbed  by  the  specimen  during  a certain  time 
Interval  It,  g; 

Q is  the  amount  of  moisture  absorbed  by  the  specimen  in  a state  close  to 
equilibrium,  g. 


The  permeability  ccefflcient  ? 
coefficient  is 


is  determined 


from  formula 


(7) , and 


the  solubilit 
(9) 


where  ? is  the  partial  vapor  pressure,  Torr,  at  specified  temperature  and  pressure; 

V is  the  volume  of  the  specimen,  ca“ . 

The  water  resistance  of  fiber  glass  plastics  is  determined  by  many  factors; 
thickness  of  protective  film  of  binder,  composition  of  binder,  composition  of  glass, 
structure  of  reinforcing  material  and  method  of  its  waterproofing  treatment,  and 
technology  of  fabrication. 

The  influence  of  the  binder  during  the  diffusion  is  determined  by  its  water 
permeability  and  the  decrease  in  strength  after  exposure  to  moisture.  The  epoxy 
binders  used  in  the  production  of  articles  from  hot-pressed  tiber  g*ass  plastics 
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are  relatively  wacer-resiscant ; their  diffusion  ooefficiencs  are  (1. 2-4.2;  x 10-^ 
cti*-/h  and  .ice  at  tne  levex  of  the  r.ost  water-resistant  polyners.  For  exanple,  tr.e 
diffusion  coefficient  of  polypropylene  is  2 x 10”'^  cn*-/h. 

The  diffusion  coefficient  of  the  binder  correlates  with  the  degree  of  curing 
and  functionality  of  its  coaponents.  Thus,  tne  diffusion  coefficient  of  a binder 
based  on  the  tetraf unctionai  resin  ZKhD  is  3.5*4  tines  ssalier  than  the  diffusion 
coefficient  of  the  binder  based  on  the  bifunctional  epoxy  resin  ED-13.  Increas- 
ing the  curing  tine  of  epoxy  binders  frora  2 to  15  h causes  a certain  deceleration 
of  the  diffusion  process  (Table  29). 

The  solubility  coefficients  of  binders  are  deternined  prinarily  by  the  centen 
of  polar  groups  in  the  cured  polyner.  Owing  to  the  fact  that  practically  all 
epoxy  binders  have  a certain  nunber  of  polar  groups  (hydroxyls) , the  nagnitude  of 
their  solubility  coefficient  and  of  the  associated  equilibriun  water  absorption 
considerably  exceeds  the  corresponding  characteristics  of  such  nonpolar  poi%'ners 
as  polyolefins  and  f luoropiastics . This  is  confimed  by  a conparative  analysis  of 
such  binders  as  epox'/pher.ol  and  epo.<yanine  ones.  The  latter,  because  of  the 
presence  of  free  hydroxyls  in  the  curea  structure,  are  inferior  to  epoxypnenol 
ones  in  water  resistance,  and  as  the  concent  of  triechanolataine  cicanate  rises, 
water  absorption  increases  froa  0.13  (at  iO/i  triecnanolaaine  cicanate)  to  1.5.“!^ 

(at  20%  triethanolaaine  cicinace  in  the  cenposicion) . 

Tl'.e  introduction  of  plasticizers  such  as  aliphatic  hydro:tyl~contair4ing  epoxy 
resins  DEG-i,  DEG-2h,  etc.  into  the  composition  of  epoxy  composites  also  leads  to 
a decline  in  water  resistance.  In  this  case  as  well,  as  their  relative  concent 
rises,  water  absorption  increases  and  Che  strength  decreases  (Fig.  24,  Table  -0). 
The  polarity  of  the  nitrile  groups  entering  into  the  composition  of  epoxycyanurace 
resin  and  of  the  hydroxyls  in  the  composition  of  'JP-63  epoxyresorcinol  resin  ex- 
plains the  reauced  water  resistance  of  binders  and  fiber  glass  plastics  based  on 
them  in  comparison  with  binders  and  fiber  glass  plastics  based  on  type  ED-13 
epoxydiane  resins  (Fig.  25).  The  moisture  which  has  passed  through  Che  film  of 
binder  to  the  glass-binder  interface  disrupts  the  adhesion  bonds  between  them. 


Fig.  24.  Water  absorption  3 of  epox^.-pher. ol  glass  plastics  wit.h  different  concents 
of  DEG-1  plasticizer  vs  duration  T of  exposure  to  water. 

Numerical  values  given  in  the  figure  represent  the  plasticizer 


content  (%), 


The  change  in  adhesion  strength  of  the  birider  after  prolonged  exposure 
to  water  is  shewn  in  Figs.  26  and  27.  Th&  decrease  in  adhesion  strength  in 
accelerated  tests  is  as  high  as  30-35^.  Under  actual  conditions,  this  value  is 
ffiuch  lower,  but  the  tests  performed  show  that  the  rsain  decrease  in  the  strength 
ot  the  fiber  glass  plastic  in  water  is  determined  by  the  rupture  of  the  adhesion 
bonds  between  glass  and  binder. 

When  the  waterproofing  adhesive  lubricants  752,  652,  73  and  30  are  used,  the 
process  slows  down.  Sorption  curves  or  sized  fiber  glass  plastics  are  shown  in 
Fig.  28.  The  processes  of  moisture  diffusion  through  the  binder  and  along  the 
glass-binder  interface  are  reversible,  and  after  the  removal  of  moisture,  the 
strength  of  the  fiber  glass  plastic  is  restored. 

The  decrease  in  the  strength  of  the  fiber  glass  plastic  also  takes  place  as 
a result  of  the  decrease  in  the  strength  or  the  glass  fiber,  when  water  penetrate 
through  the  lubricant  film.  The  decrease  in  strength  is  specific  precisely  for 
glass  fibers,  whereas  for  other  types  of  natural  and  synthetic  fibers  (cotton, 
capron,  etc.)  the  strength  in  the  moist  state  increases  somewhat.  The  decrease 
in  the  strength  of  glass  fiber  under  the  influence  of  moisture  is  explained  by  an 
adsorption  effect  and  a process  of  chemical  breakdown.  ‘.Vhiie  the  adsorption  efie 
is  reversible,  the  chemical  attack  of  the  glass  fiber  is  irreversible. 

Table  39 

Diffusion  coefficients  of  epoxyacine  binders,  10*^  cm-Zh 


Curing  ' Temperature , j Pressure , 
time,  h • ®C  : 1 kgf/cn 


increased 

pressure 


1 

\ 

S' 

ED- 13  epoxydiane 

20 

' ^.2 

3.6 

40 

i 6.0 

6.3 

60 

10 . 2 

15.0 

SO 

' 14,4 

! 46.9 

73 


rig,  27.  Effect  of  prolonged  exposure  co  water 
cn  the  adhesion  of  cured  epoxyanine  binder  based  on 
EKhD  resin, 

1 - curing  for  2 h at  160*2;  2 - curing  for  6 h 

at  160*C. 
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Fig.  23.  Water  absorption  cf  epox^/phenol  glass 
plastics  vs  duration  t of  exposure  to  water  for 
speciaens  with  different  lubricants. 

1 - glass  fabric  with  paraffin  eculsion  lubricant 

2 - glass  fabric  with  lubricant  652. 


results  fro3  the  introduction  of  such  oxides  as 
the  glass  conposicion. 


luorous  end  ticaniun  oxides  into 


Figure  29  shows  the  properties  of  epoxyphenol  glass  plastics  based  on  aluninc- 
borosilicate , citaniua-containing  and  copper-containing  glass.  The  highest  water 
resistance  is  exhibited  by  glass  plastics  basea  on  glass  fiber  containing  cuprous 
oxide. 

The  hygroscopicity  of  the  threads  Is  5-10  times  greater  chan  that  of  the 
aonofiianenc  because  cf  additional  sorption  in  the  gaps  between  the  fibers, 
and  it  increases  from  untwisted  to  twisted  threads.  The  hygroscopicity  of  glass 
rabrics  depends  on  the  weave  type.  Other  things  being  equal,  the  least  hvgro- 
scopicity  is  exhibited  by  cord  glass  fabrics  froa  untwisted  threads.  This  Is 
clearly  illustrated  by  data  on  the  sorption  of  fiber  glass  plastics  based  on 
satin  and  cord  glass  fabrics  (Table  41), 

'Jaturaliy,  soisture  diffusion  processes  are  greatly  affected  bv  the  cuaiicv 
or  the  glass  plastic  and  the  presence  of  cavities  and  nicrodefects  therein,  which 
are  determined  by  the  technological  conditions  of  fabrication.  Thus,  at 
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Fig.  29.  ’^’ater  absorption  B of  epoxyphenol  glass  plastics  based 
on  glass  fibers  of  different  compositions  vs  duration  t of  exposure 
to  water. 

1 - aluTtinoborosilicate  glass;  2 - ticaniun-containing  glass; 

3 - copper-containing  glass. 


specific  pressures  from  1 to  10  kgf/ca^,  the  porositv  in  the  fiber  glass  plastic  is 
10-11.*,  and  at  a pressure  above  20  kgf/cn*^,  the  porosity  is  2. 5-3. 0^1.  With  in- 
creasing porosity,  the  water  absorption  and  rate  of  diffusion  in  the  fiber  glass 
plastic  increase  correspondingly  (rig.  30).  At  a porosity  above  4%,  water  absorp- 
tion and  diffusion  race  increase  sharply  because,  along  'with  activated  diffusion, 
which  has  a slow  rate,  the  most  active  process  of  capiHajr.'  filtration  begins. 


Fig.  30.  Water  absorption  3 of 
specimens  of  epox>-phenol  glass 
plastic  pressed  at  different 
specific  pressures. 

1-1  kgf/cm^:_^  2-5  kgf/ca^' 

3 - 50  kgf/ca^. 
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This  phenomenon  accounts  for  the  high  water  resistance  of  fiber  glass  plastics 
tabricaCed  by  pressing  at  high  specific  pressures  in  comparison  with  those  fabricated 
by  ocher  methods  (winding,  vacuum  compression  molding,  etc.),  despite  the  analogous 
composition  of  the  binding,  siting  and  reinforcing  materials  employed.  The^oosc 
dangerous  process  of  penetration  of  water  molecules  through  the  capillaries  and 
pores  in  hot-pressed  fiber  glass  plastics  is  minimized.  The  race  of  vater  dif- 
fusion through  a hot-pressed  fiber  glass  plastic  Is  actually  decernined  by  the  rate 
of  activated  va c e r diffusion  through  the  film  of  binder.  The  diffusion  coefficients 
of  hot-pressed  e?o:<y-giass  plastics  are  il.l-l)  x 10"'^  vhere.as  they  are 

10  -iO  ca~/h  ror  eporcy-gla,ss  plastics  mace  with  t.ne  same  binders  ov  the  methods 
of  winding  and  vacuum  and  contact  molding,  the  porosity  of  which  is  t.hree  to  .our 
times  that  of  hot-pressed  glass  plastics. 
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1 

1 
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Table  41 

Effect  of  glass  fabric  weave  typ>^  on  the  water  resistance  of  epox.vphenol  glass 
plastic 


1 ; 

1 Bending  strength,  kgf/ma- 

1 

' Glass  Fabric  i 

After  boili 
for  4 h 

ng  ■ 

After  exposure 

to  water .days  * 

1 

1 

1 90 

! 365  1 

Cord  T-25  j 

52.0 

1 

97.0  1 

1 92.0  1 

94 

i 

99  i 

94  1 

J Satin  .\£TT(b)-S,  1 

1 ‘ ! 

56.7 

So 

1 

64.0 

93  1 

62.0  ! 

50  i 

1 

ReTiarks.  1.  The  properties  are  given  for  specinens  10  ran  chick  ob-  i 

tained  by  mechanical  creataenc  of  eoocyphenol  glass  plastic  based  on  glass 
1 fabric  vich  lubricant  652. 

j 2 . Nucerator  indicates  absolute  value  of  strength;  numerator  gives  i 

percentage  of  initial  value.  j 

The  rate  of  diffasion  processes  increases  "with  certperature , while  the  water 
vapor  pressure  gradient  increases  exponentially.  For  e.xanple,  as  the  water 
terrperature  rises  to  3C®C,  the  diffusion  coefficient  of  epoxyaciine  glass  plastic 
based  on  ED-13  epoxy  resin  increases  iron  1.9  x lO"’  c3'/h  to  11.6  x 10“’  c=-/h 

(Table  41).  Hie  linear  relation  tn  D where  D is  the  diffusion  coefficient 

at  a given  temoe-ature,  cn-/h,  and  T is  the  absolute  temperature.  K,  holds  for 
epoxy  binders  and  glass  plastics  in  the  10-30°C  range. 

This  linear  relation  makes  it  possible  to  state  that  epoxy  binders  and  glass 
plastics  at  a hydrostatic  pressure  of  1 kgf/ca-  obey  the  Arrhenius  equation 


_ £b, 

D = DiT  r>r  . 


(10) 


(11) 


Oq.  D^  3-e  the  diffusion  coefficients  of  water  in  the  polymers  at 
standard  conditions  and  temperatures  T,  and  T,,  respectively. 

IT,  is  the  difference  in  temoeratures  at  which  the  diffusion  coefficients 

* » •• 

vere  detenained; 

R is  Che  universal  gas  conscanc; 

is  Che  accivacion  energy  of  the  diffusion  process. 

3y  accivacion  energy  is  T.eanc  che  energy  necessary  to  separate  the  tol'-r.e’? 
chains  free  each  other  and  create  a "free  voiune"  into  which  penetrates  the  diffusing 
substance  - water.  The  activation  energy  for  epoxy  Pincers  at  a 
hydrostatic  pressure  of  1 kgf/ca'"  is  6-'  kcai/oole . - 


Table  ^2 

Eifecc  c£  hydroscacia 
efficienc  or  vacer  in 


pressure,  tenperacure  ana  curing 
fiber  glass  plastics. 


on  the  diffusion  co- 


D.  10®  cn-  h 


Fiber  glass  plastic 


Curing 

tin«,  h 


I erperacure,;  - 


; pressure , 
)l  kgf/ca- 


sievacec 

pressure 


20 

40 


1.9 


1.4 

2.9 


I ' 1 

Epox'/aniine  plastic  based  on  > 

80 

1 i:.6 

63.6 

ED-13  reiia  i 

! 

' i 15 

1 

! 

1 

;o 

iO 

60 

so 

1 . 7 
2.6 
5.5 

10. 0 

1 . 2 
2.3 

“ ^ 

-*7.0 

1 

:o 

l.i 

1.0 

1 

10 

1.9 

1.5 

1 ! - 

1 60 

4.1 

5.5 

i 30 

TT5 

19.0 

, Epoxyamine  plastic  based  on  ! 

EKhD  resin  , 

20 

1.0 

' 0.9  : 

40 

1.3 

; 1.6  ! 

’ 10 

60 

3.  3 

5 

80 

1 6.4 

11.9  ! 

Studies  of  Che  diffusion  of  vacer  through  binders  and  fiber  glass  plastics 
at  different  cecTperatures  show  chat  it  is  nose  desirable  to  use  epoxy  glass 
plastics  for  .icies  eeployed  in  water  at  cerrperatures  not  above  40~50®C.  Even 
at  cenperatur-wS  of  60  and  SC’C,  the  diffusion  of  water  is  sharply  accelerated, 
and  is  associated,  though  to  a very  slight  degree,  with  the  washing  out  of  the 
lov-2olc*cuijr  fraction  of  the  binder  and  leaching  out  of  the  glass  fiber. 


The  boiling  of  fiber  glass  plastic  specimens  subjected  to  the  combined  action 
of  temperature  anu  boiling  water,  involves  several  processes  simultaneously: 
diffusion  of  moisture  at  an  increased  rate,  softening  and  partial  washing  cut  of 
the  low  molecular  fraction  of  binder,  and  intensive  leaching  out  of  class  fiber. 

If  Che  diffusion  process  is  associated  with  an  increase  in  the  rnass  of  c.ne  speci- 
mens, the  latter  two  processes  lead  to  a loss  of  mass.  This  is  also  confined  by 
data  obtained  by  the  authors  in  a study  of  the  porosity  of  a fiber  glass  plastic. 
The  porosity  was  determined  from  the  difference  between  the  calculated  and  experi- 
mental densities  using  the  for-'.ula 


a .*• 


(12) 


Water  absorption,  1 ; Bending  strength, 

1 kgf/rjo-  j 

^ Binder 

1 

1 

After  240 
days  of  ex- 
posure to 
water 

After  4 h After  240 
of  boiling  days  of  ex- 
' posure  to 
' water 

After  4 h 
of  boiling 

1 

i 

1 

Epox^/phenol  binder  based 

0 -4  ! 

6i.O 

on  £3-13  resin 

; 95.0 

90.0 

Epoxyamine  binder  based  on 
ED-13  resin 

0.33 

9l7o 

64.0 

50.0 

Eooxvaxine  binder  based  on 

0.57 

' 75.0 

63.0 

ETsD-13  resin 

j 39.0 

75.0 

Epox;/amine  binder  based  on 
lTP-63  resin 

0.37 

0-3:  i ^ 

1 yO.O 

olo 

thick  vichouc  aechanical 


Remarks,  i.  Properties  given  for  specimens  10 
treatment . 

Z,  Nucerator  indicates  absolute  value  of  strength;  denominator  gives  per- 
centase  o:  initial  value. 


decreases  bv  i factor  of  1.2-1.  At  the  same  time,  raisin?  the  pressure  by  100 
kgf/ca-  has  the  same  effect  as  lowering  the  water  terroerature  by  i*C.  The  water 
diffusion  rate  in  the  presence  of  Increasing  hydrostatic  pressure  is  affected  by 
two  factors  with  opposite  effects.  On  the  one  hand,  as  the  pressure  increases,  the 
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poi>*3er  sacdriai  is  ccrspresoed,  che  cohesive  forces  between  individual  sefe'er.ts  of 
Che  polar  chains  increase,  and  addicionai  obstacles  co  the  notion  of  the  diffusing 
water  nolecules  arise.  On  the  other  hand,  the  water  vapor  pressure  gradient  in- 
creases, pronocing  an  increase  in  the  diffusion  rate  and  in  the  swelling  of 
pol>~aers.  For  the  najority  of  known  polycers  at  lO^C,  the  effect  of  compression 
caused  by  pressure  surpasses  the  increase  in  volume  (swelling)  caused  by  the  in- 
crease in  water  vapor  pressure.  Therefore,  at  normal  temperature,  as  the  hydro- 
static pressure  increases,  the  diffusion  process  slows  down. 

.\s  the  water  temperature  is  raised  to  40®C,  the  nature  of  the  effect  of  hydro- 
scaclc  pressure  on  the  diffusion  process  remains  the  sane,  but  is  less  pronounced. 

In  the  40-50*C  range,  the  pressure  begins  to  accelerate  the  diffusion.  The  pressure 
has  its  greatest  effect  at  b0-30®C.  Thus,  the  sinultaneous  action  of  temperature 
and  hydrostatic  pressure  leads  to  not  only  quancicative  but  also  qualitative  changes 
ir,  the  process  o:  water  diffusion  through  ?ol;.'!neric  materials.  Diffusion  in  this  /9w 
case  has  a more  complex,  nonlinear  character. 

The  diffusion  coefficient  ceases  to  be  a constant  of  the  material  - it  depends 
on  the  concentration  of  the  diffusing  substance  (water)  and  swelling  time  of  the 
poivmeric  material.  The  swelling  process  itself  under  the  combined  eccion  of  60- 
S0*C  temperatures  and  increased  hydrostatic  pressures  goes  through  several  successive 
stages.  Prolonged  exposure  or  the  specimens  to  these  conditions  leads  to  a ’’loosen- 
ing'* of  the  structure  of  Che  material  and  to  a nonlinear  sorption  of  moisture.  The 
character  of  the  change  in  the  mechanical  properties  of  fiber  glass  plastics  in 
water  is  illustrated  by  the  data  of  Table  44. 


Table  44 

Change  in  the  properties  of  epox'/imine  glass  plastics  exposed  to  seawater. 


Compressive  strength,  kgr/mm-^ 


I Glass  ol-ascic 
1 

pressure, 

kgr/ca- 

Durat 

ion  0 

exposure 

CO 

water 

, days 

1 

1 

0 1 

50 

60 

90 

i:o 

liso  270 

400 

1 Epoxyanlne 

1 

55  ■ 

55 

54 

54 

52 

52  49 

-a 

I glass  plastic 
• based  on  ID-13 

Increased 

54.  5 

. 

00 

54 

5 

52 

’ 52  43.5 

43.5 

j resin 

i 

' 

• Epo:o*aaine 
( glass  plastic 

1 

69  1 

63 

63 

64 

63 

■61  60 
j 

59 

based  on  EKhD 

Increased 

53.51 

63 

69 

63 

61.5 

>62  '60 

60 

resin 

1 

1 

i 

After  one  year  of  exposure  to  water  at  20*C,  the  strength  of  fiber  glass 
plastic  specimens  5 mm  thick  decreases  by  not  more  Chan  15».  The  process  of  de- 
cline in  strength  characteristics  due  to  eTcposure  to  water  is  reversible.  After 
the  specimens  are  kept  in  air,  the  mechanical  strength  of  :he  fiber  glass  plastics 
is  restored,  attestina  to  t.ie  absence  of  their  chemical  breakco’vr.  at  The 

decrease  in  scren2tn  due  to  exposure  to  water  'at  10®C)  is  independent  :f  hydro- 
static pressure. 
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Exposure  or  fiber  .^Isss  plastic  specimens  to  hoc  water  (at  70*0  leads  to  a 
sharp  decrease  of  their  strenech  even  at  nomal  hycroscatic  pressure;  this  is 
particularly  characteristic  of  epoxyanine  class  plascics.  It  is  notevorthy  that 
whereas  at  20*C  epo.v/phenoi  class  plastics  surpass  epoxyisine  ones  only  slightly 
in  water  resistance,  this  difference  is  'nuitipiied  severalfold  at  dO*C.  Thus, 
after  100  days  of  exposure  to  water  at  **0*C,  the  bending  strength  of  e?o:c*phenoi 
glass  plastics  decreases  by  20-25*!,  and  that  of  epox>'anine  plastics,  by  40--5’*. 

The  strength  of  such  specir.ens  after  their  exposure  to  air  is  not  corn^ieteiy  restored. 

Even  aore  abrupt  is  the  decrease  in  the  strength  of  fiber  glass  plastic  specimens 
during  boiling.  After  only  4 h of  boiling,  Che  bending  strength  of  epoxypnenoi  /95 

glass  plastic  specirsens  is  reduced  by  10,'t,  anc  that  of  epoxyamine  f.pecit:er.s , by  20*. 

The  values  obtained  by  Sakhareva  a.nd  Mirkin'  for  the  diffusion  coefficients  and 
their  dependence  on  the  water  casperature  and  hydrostatic  pressure  perrdc  a tenta- 
tive calculation  of  the  water  absorption  for  this  type  of  glass  plastic  as  a 
function  of  the  thickness  of  the  article,  tine  of  exposure  to  water,  water  tempera- 
ture, and  hydrostatic  pressure,  and  on  the  basis  of  a comparison  of  experixentai 
data  obtained  on  the  specimens,  permit  a determination  of  the  loss  of  strength 
corresponding  to  any  magnitude  of  water  absorption  during  a given  time  period. 

The  water  abscrpcicn  is  calculated  from  a formula  derived  from  tick's  equation: 

/ Or.»T\ 

q=q,!i-7^^  ^ . (13) 

where  Q is  the  amount  of  moisture,  absorbed  bv  the  specimen  in  time  : . h; 

Q is  Che  amount  of  moisture  absorbed  by  the  specimen  in  a state  close  to 

equilibrium, 

0 is  Che  diffusion  coefficient,  cm“/h; 

d is  the  thickness  of  the  specimen,  cm. 

For  articles  of  epc:<v'aaine  glass  plastics,  a water  absorption  of  0.3-0. 4.1  and 
corresDonding  10-161  decrease  in  strength  will  take  place  at  a pressure  of  1 
kgr/cm*-  and  2Q*C. 

Thickness,  mm  5 10  20  40 

Time,  years  0.7  2.5  10  3S 

Field  tests  of  articles  confirm  the  calculations.  After  1500  davs  of  exposure 
to  water,  ship  propellers  1.5-2  m in  diameter  witn  a thickness  of  20  mn  in  the 
critical  section  did  net  undergo  any  change  in  dimensions  and  shoved  practically 
no  change  in  their  stre.ngth  properties. 

11.  Electrical  Insulation  Properties  of  Fiber  Glass  Plastics 

In  addition  to  high  mechanical  strength,  hot-pressed  epc:ry  glass  plastics 
possess  attractive  electrical  and  electronic  properties,  which  account  for  their 
extensive  use  as  insulating  materials. 


The  principal  indiies  characterlcine  “he  electrical  insulation  properties  of 
fiber  glass  olastics  are  the  surface  electrical  resistivity,  volume  electrical  re- 
sisci’/itv,  breakdown  voltage,  and  dielectric  loss  tangent.  Epoxy  glass  plastics 


electrical  Insulation  properties  on  a^ln<  and  T.av  be  use 

reliable  insu^aci-vti. 


'~^n 
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-crnicciviry  ^ ot  fiber  glass  plascics  vs  :iae  c of  boiling  in  va:er  for 
i based  on  various  binders. 

glass  plasric  vith  epox^/aniine  binder  plasticized  vith  DHG-1  resin; 
glass  plastic  vith  epox>'pnenol  binder  plasticized  vith  DEG-1  resin; 
glass  plastic  vith  epo.v/phenoi  binder  (unplasticized)  ; 1 - fiber'*’ 

Stic  vith  epo.v/asine  binder  (unplasticized) . 


d?  fZ'J  fdO 


7VJt,  >'.r. 


Fi?,  3:.  rielectric  loso  tenient  tan;  :c  10' - of  fiber  glass  plastics  vs  tir.e 
Ot  ooil-.ng  in  vater  for  speciaens  cased  on  different  binders. 

Notation  same  as  in  rig.  31. 


Tbe  electrical  Insulation  properties  of  fiber  glass  plastics  change  even  when 
nagicglble,  and  decline  considerably  when  the  plastics  are 
exposed  to  hlg..  huaidity.  This  decline  In  properties  is  due  to  a high  peraittivitv 
C-.  - 31)  and  suoscantial  electrical  conductivity  of  water.  Even  the' conductlvl  tv  of 
completely  pure  water  is  I.!  :<  IQ-^  ohm'l  cm-^  and  therefore,  vner.  epoxv  glass  ' 
plastics  are  used  In  electronic  equipment,  in  order  to  increase  the  stabilitv  of  /o,3 
their  properties,  it  is  necessary  to  use  unplastlclted  binders,  sicec  glass  'fabrics, 
j veii.  aa  Long-terzi  curing,  and  to  increase  the  specific  pressure. 


' Property 

1 Aluminoborosilicate, 
AGM-9  sining  agent 

1 Copper-containing,  652 
i Lubricant 

. Dielectric  loss 

1 -1 . 6 X 1C~  ■ 

i.?2  X Id-:  , 

} tangent 

J (3-3.5)  X 10-“ 

1 (2.6-2..-)-- 

Pernittivl tv  ' 

1 5.0-5.: 

1 5. 5-3.3  ■ 

' 6.0-o.i 

6 . 0-6 . 1 

Volume  resistivity,  ! 
' ohm  cm  * ' 

C-3j  :<  10*^ 

, 9. 5 X i0‘  - 

(l-2):c  10*“ 

3.0  X 10*^ 

■ v.iiLies  at  sMndard  conditions;  denominator 
a.wcr  ooi^ing  zot  6 h. 


The  electrical 
compositions  during 
-‘5  and  -«6  and  7i?.n. 


insulaticn  properties  ct  epcxy  glass  pUstlos  or  cifferei-t 
long-tera  exposure  to  vater  ana  boiling  are  shcu-n  in  Tables 
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12.  Erosion  Xesi3car.ce  and  Mechocs  oc  ic 

Abrasion  resiscance.  'Vear  in  a flow 
Che  operation  of  such  ship  naohine  bui 
prooeliers  of  air  cushion  ships. 


5 jeceminaciou 

o:  abrasive  particles  Is  observed  during 
Idin^  parts  as  fan  blades  anc  the  air 


Despite  the  large  nuaber  o:  experiaencal  studies,  there  is  as  yec  no  definitive 
^heory  co  account  completely  ror  the  process  of  wear  in  a flow  of  abrasive  particles. 


In  the  view  of 
abrasive  flow. 


certain  researchers,*  che  wear  is  caused  by  che  impact  cf  the 


abrasive  f.ow.  V.  I.  3rlginov  and  I.  .K.  Lebedev  have  actemoced  to  correlate  abrasi’"^ 
wear  -with  thelaws  of  cutting  or  fatigue  phenomena.  I.  Kleys*  discusses  the  process 
or  wear  in  a :a.ow  of  abrasive  particles  as  a complex  process  that  may  involve  che 
cutting  of  licroshavings  by  the  abrasive  particles,  and  contact  fatigue  and  break- 
down or  the  surface  due  to  high  contact  stresses.  The  rate  of  wear  is  also  affected 
Sy  che  s..ape  and  sioe  or  the  abrasive  particles,  their  velocity,  and  the-'-  ang’e 
or  incidence.  *■“ 


...e  wear  of  a surface  element  per  unit  time  is  proportional  to  the  ki.netic 
energy  or  t..e  acting  particle  and  co  the  nuaber  cf  collision  of  the  particles. 

^ A cencrirugai  type  rotor  device  is  used  for  abrasive  wear  cases  frle.  33), 
opecloens  10  are  mounted  in  special  brackets  3 In  the  stator  part  of  the  device 
around  t.-.e  rotor.  The  tests  are  performed  at  different  angles  of  Incidence.  The 
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23.  Diagram  of  centrifugal  cv*pe  rotor. 

I - hopper;  2 - ilexible  cubing;  3 - rotor; 

•4  “ motor;  3 - c.hannels;  6 ~ two”Step  gate; 

7 - collecting  bin;  8 - brackets;  9 - chamber; 

10  “ specimens;  11  - glass-covered  opening. 

oi  incidence  is  varied  by  changing  the  oosition  of  Che  ''rackets.  The 
lorasive  particles  falling  into  the  center  of  the  rotor  move  along  c.ianneia  5 
"♦Russian  translo-teratsd  spelling. 


under  lntluer.ee  of  centrifugal  force.  The  speed  of  rotation  of  the  rotor 
adjuscea  over  a wide  r.an«e  by  ^eans  of  an  aucotransforser.  The  necesaarv  ro'-c 
:ional  speeds  are  adjusted  to  within  ziZ  by  r.eans  of  a tachometer.  pinohcoc 
IS  used  to  adjust  the  concentration  of  the  abrasive  jet. 
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rig.  34.  Dlagraa  of  relative  resistance  of  epoxv- 
ara.ne  glass  plastic  to  abrasive  wear. 

1 “ without  coating;  2 - with  poiypropvlene  coating; 

3 - with  coating  of  polyethylene  modified  with 
moiybdanur.  disulfide;  4 - with  coating  of  fluoro- 
plastic  42;  5 - with  polyethylene  coating;  6 - with 

polyuretnans  coating.  I - tlcw  velocity,  SO  c/sec; 

“ tlow  velocity,  ICO  m/sec;  III  - flow  velocitv 
130  ai/sec. 

^ The  index  of  abrasive  vear  represents  the  extent  of  danaea  to  t‘'e  su'-ace 
-aver  _V  during  tests  of  the  naterial  studied.  ' 


where  and  G,  are  the  nass  of  tr.e  specinen  before  and  after  the  test; 
b is  the  density  of  the  coating  naterial. 

The  results  of  the  tests  of  fiber  glass  plastics  with  different  protective 
coatings  are  shown  in  Table  47  and  Fig.  34.  The  properties  of  the  glas.s  plasti 
w-tnout  the  coating  are  also  given  for  coap.arison . The  tests  show  that  the  -.-ea 
reslst-ince  ot  polymeric  naterials  is  determined  by  their  eiasticltv:  the  lower 

t..e  elastic  T.oaui'js  and  higher  Poisson’s  ratio,  t.he  better  the  resistance  of  th 
nateriai  to  tne  impact  of  abrasive  parti.cle.s.  The  .highest  abrasive  resistance 
J.S  exr.isl^ed  oy  the  e.’.astcreer  polyurethane. 


Table  47 

Reslacance  or  polv'aeric  materials  to  abrasive  wear 


! - - . 

! Material  or  coating 

Volume  wear  IV,  cm^,  at  ve 

ocicy,  m/sec 

130 

100 

30 

. 

1 Fiber  glass  plastic 

0.273 

0.22 

0.12  ; 

i Polyethylene 

0.037 

0.033 

0.013  I 

Fluoroplastic  42 

0.066 

0.043 

0.029  : 

1 Polyurethane 

0.005 

0.0025 

0.0015 

The  elasticity  and  hardness  of  the  coatin,j  depend  substantially  on  its  thick-  /lOO 
ness.  '«hen  the  thickness  of  the  coating  ia  small,  its  elastic  properties  are  not 
fully  aanifested,  and  the  energy  capacity  of  the  coating  decreases,  increasing  its 
wear. 


Hydroabrasive  resistance.  The  conditions  of  operation  in  a hycroabr^-sive 
medium  are  characteristic  of  parts  of  pumps  and  ship  pconeilers.  The  intensity 
of  the  hydrcabrasive  action  also  cepencs  or.  the  speed  of  the  abrasive  mi;:ture. 
its  concentration,  and  also  on  the  particle  size  and  mineraiogicai  composlticn 
of  the  abrasive  components. 

The  wear  resistance  of  macarials  is  estimated  by  relative  comparison,  in 
which  the  quantitative  index  is  the  dimensionless  coefficient  E,  calculated  from 
the  formula 

E — 

Ja'i  ’ (-5) 

where  g^  are  the  mass  losses  of  the  standard  and  investigated  material, 
respectively; 

p^,  are  the  densities  of  the  standard  and  investigated  material. 

The  wear  resistance  of  protective  coatings  of  fiber  glass  plastic  under 
certain  testing  conditions  is  shown  in  Tables  48  and  49.  The  standard  material 
used  is  epoxy  glass  plastic  without  a coating.  The  tabulated  data  clearly  demonstrate 
the  effectiveness  of  the  protective  coatings.  In  a hydroabrasive  medium  with 
sand,  the  resistance  of  fiber  glass  plastics  ’with  a coating  based  on  rubbers  and 
f luoroplastic  16  surpasses  the  resistance  of  carbon  steel. 

If  the  data  on  t.he  hydrcabrasive  resistance  of  poi^raers  are  csnpared  with 
their  physicoiechanical  properties,  a certain  trend  can  be  observed;  the  resistance 
to  hydrcabrasive  wear  in  the  water-sand  medium  is  proportional  to  the  elasticity 
of  the  polv-mer.  In  the  water-gravel  medium,  where  impact  of  large  particles  •>.i« 
observed,  the  nature  of  the  breakdown  (breaking  away  or  detachcner.t  of  individual 
particles  of  the  coating)  changes,  and  the  wear  is  inversely  prcporticnai  to  the 
mechanical  strength  of  the  coating  material.  The  stability  of  the  coating  to  t.he  /lOl 
impact  of  gravel  particles  increases  with  increasing  thickness  of  the  coating. 

The  greatest  stability  in  the  water-gravel  medium  is  exhibited  by  toatincs  based 
on  the  strongest  thermcpiascs  sucn  as  pentaplast  and  f iucroeiastic  2.  This 
pattern  is  clearly  illustrated  by  results  of  tests  of  specimens  with  a coating  based 
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f Table  43 

> Resiscance  co  hydrcabrasiva  vear  in  the  water-sand  rredion  /lOO 


1 Material 

1 i 

v’oiume  losses, 

C3" , after  6 h 
I of  tests  j 

Wear  resistance 
coed f icient 

i ; 

N'0-6S  rubber  1 

0.02:9 

11.2  j 

Fluoroplascic  26  1 

0.0452  \ 

5.67  1 

Fluoroplascic  2H 

0.1.12 

no 

t i 

0.182  ; 

i.ii 

! " “ 1 

0.195  : 

1 1.31 

, Pencaplasc  j 

0.225  ' 

' i.u  : 

1 E?ox>'?henol  glass  plastic  | 

0.256 

1,0 

' 35Kh4G2  steel  \ 

0.0231  I 

11.1 

I i 

0.080  1 

3.2  1 

Table  49 

Resistance  to  hydroabrastve  wear  in  the  vater-gravel  medium  /lOi 


1 Material 

j rt’ear,  cm',  af 
j 2 h of  tests 

ter  , Vear  resistance; 
. coefficient 

1 

1 Fluoroolascic  2 

i 

i 0.45 

' i 

1 1 

j " 23 

0.48 

1 3.1 

, " ‘6 

i 0.60 

; 2.5 

" 3.M 

0.62 

' 2.4 

j NO-68  rubber 

' 0.70 

i 3.1 

1 ipo.xyphenol  glass  oiastic 

1 1.50 

1 

35Kh4G2  steel 

1 0.23 

' 6.6 

j 25L 

0.35 

4.  3 

• .Note,  rluoroplastics  and  N’0-63 

: plastic  specimens 

rubber  applied  on  the 

surface  of  glass  1 

1 

on  a typical  elastomer  having  a marked  specific  elongation  and  low  mechanical 
strength.  As  expected.  Che  wear  resistance  of  fiber  glass  plastics  with  a rubber 
coating  is  highest  of  all  polymeric  aacerials  in  the  vacer-sanc  mediun  and  lowest 
in  the  water-gravel  nediun. 

Cavitation  resistance.  The  propeller  blades  of  high-speed  vessels,  turbines 
and  p'ifljps  and  ocher  parts  of  hydraulic  equipment  are  subject  to  cavitation  erosion. 
At  the  present  time,  it  is  widely  held*’  chat  cavitation  erosion  is  due  to  the 
effect  exerted  on  the  surface  by  shock  waves  arising  from  the  contraction  of 
cavitation  cavities.  Two  groups  or  erosion  damage  may  be  distinguished  according 
to  Che  mechanism  of  their  formation  - under  conditions  of  steady  and  unsteady 
flow.  In  the  first  case,  the  boundaries  of  a cavitation  cavity  are  fully  defined. 
Vhen  Che  velocity  of  the  incident  flow  is  sufficiently  high,  the  closing  o:  in- 
dividual bubbles  results  in  erosion  damage  ^f  comparativelv  lew  intensity. 

In  Che  case  of  unsteady  flew  with  3 variable  velocity  or  direction 

of  the  tlow,  the  iamage  is  much  more  pronounced,  and  the  erosion  cevelops  faster. 
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Sceady  cavtracion  is  praccicaily  nonexiscenc  in  pure  fom.  Similar  zo  iz  is 
^aciage  cbserved  on  the  blades  of  hyd^'auiic  turbines  and  also  on  rudders  if  they  /102 

are  noc  iooacei  in  the  prcpelier  backwash. 

dnsceady  cavitation  is  characterise ic  of  propellers  and  hull  parts  operating 
in  Che  propeller  backwash. 

Tables  50-53  present  data  on  the  cavitation  resistance  of  fiber  glass  plastics 
with  different  coatings. 

The  quantity  used  to  describe  the  cavitation  resistance  of  a coating  is  the 
volume  loss  during  a given  time  interval: 


where  G^,  is  the  mass  of  the  specimen  before  and  after  testing,  g; 
c is  the  density  of  the  coating  material,  g/cn^. 


Table  30 

Cavitation  resistance  of  poiyneric  materials  in  b-h  magnetostriction  bench  tests 


i i 

Weight  loss. me 

Volume  loss, cm-: 

Cavitation  re- 

1 Material  < 

1 

‘ i 

1 I 

isistance  co-  ' 
'efficient  i 

' Poiyvinvl  butyrai  ] 

6.6 

0.0055 

25.0  1 

' Polyethylene  ' 

3.3  j 

0.0091  1 

15.3  ! 

, Polvcarbonace  i 

6.6 

0.0035  ] 

25.0  ; 

' Pencaolasc  | 

0.0093  ! 

13.1  1 

' Epox>’phenol  glass  clastic 

28 

0.014  I 

1 1.0  1 

* LMcslh-55-3-1  brass  i 

20  1 

1 

1 0.0024  : 

1 

1 ' 1 

: .S.-  , 

1 

Table  51 

Cavitation  resistance  of  poi:,nceric  materials  in  hydrod;macic  bench  tests 


i 

1 Material 

Weight  loss,|  Volume^ loss, 
mg  cm-’ 

Cavitation  resistance 
coefficient  (based  on 
data  from  12-h  tests)  , 

After 
3 h 

After 
12  h 

After 
3 h 

After- 
12  h 

1 

} Epoxyphenol  class  clastic 

136 

350 

0.06S 

0.125 

1 

1 

^ Fiuoroplastic  2 * 

32 

- 

0.016 

_ 

• 

i M 23 

6 

164 

0.003 

0.082 

:.id  1 

i " 26  " 

5 

109 

0.003 

0.054 

3.26  : 

1 ??ntaol.isc  * 

35 

- 

0.025 

- 

• U-IC3Ch-55-3-l  brass 

123 

- 

0.015 

11.6 

■'Note.  These  materials  were  applied  on  t 
plastic  specimens  by  cladding. 

'.e  sur 

*ace  of  fiber  glass 

S8 


I 


Tcibie  53 

Cavitation  resistar.ca  of  pol’/Tneric  materials  in  tests  on  a Venturi- : -:bt*  type  i*.- 
oreased-capacity  apparatus 


State  of  3u 

'face 

After  10  h 

After  20  h 

After  30  h 

After  50  h 

! 

j Epoxvphenoi  glass  olastic 

j 

i 

Surface 
attacked  to 
a depth  of 
0.25  mm 

Surface 
attacked  to 
a depth  of 
0. 5 mm 

Surface 
attacked  to 
a iepcn  of 
0.75  mm 

- 

Fluoroplastic  26’' 

. 

! 

i 

No  change 

No  change 

No  change 

Surface 
attacked  tc 
a depth  of 
0.05  mm 

I " 2* 

1 

1 

! * 

1 See  the  note  in  Table  51 

Same 

S..me 

Same 

Surface 
attacked  to 
a deoth  of 
0.75  mm 

The  cavitation  resistance  coefficient  used  is  the  ratio  of  the  volume  loss 
of  the  coating  material  to  the  standard  fiber  glass  plastic  without  a coating. 

A general  pattern  is  observed  in  tests  of  polymeric  materials;  cavitation 
resistance  increases  with  elasticity.  Materials  vith  a specific  elongation  up 
to  50.5,  such  as  f luoropiastic  2 and  pentaplast.  are  inferior  to  elastomers  in 
cavitation  resistance,  and  after  a long  incubation  period,  a marked  breakdown 
of  the  coatings  begins  and  a large  nur4oer  of  cracks  are  formed.  . 1C** 

I 

However,  if  the  cavitation  resistance  of  pol;/mers  is  comparec  to  that  or 
metals,  the  nature  of  the  behavior  changes  according  to  the  testing  method.  The 
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PXINCIP.U,  TiCHNOLOG 


PXCCEiSES  OF 


FAz.RICAT I'JN  OF  j^OXi  Gwi^S  FLAiT«.».S 
13.  ?repara*ion  of  Binder  and  Impregnation  of  Glass  Fabric 

As  was  stated  previously,  glass  fabrics  preimoregnacec  with  a binder  on  an  '105 

impregnating  machine  are  used  as  press  materials  in  the  fabri:acion  of  fiber 
glass  plastic  articles.  Solutions  of  binder  corspenents  in  suitable  solvents  are 
used  for  Che  impregnation.  Usually,  the  solvents  used  are  aicohcl-acecor.e  or 
alcohol-toluene  riixtures  with  a 1:1  ratio  of  alccncl  to  acetone  (or  toluem.c). 

Acetone  and  toluene  are  solvents  for  epoxy  resins,  and  most  of  cne  curing  agents 
used  dissolve  in  alcohol. 

In  the  preparation  of  the  impregnating  lacquer,  considerable  attention  must 
be  given  to  the  lacquer  concentration,  since  by  changing  it,  cne  can  control  the 
resin  content  of  the  impregnated  glass  fabric.  At  a certain  impregnation  rate, 
there  is  a linear  relation  between  the  lacquer  concentration  and  the  resin  content, 
and  this  relation  is  different  for  fabrics  of  different  weave  types  because  of 
their  varying  densities.  Figure  35  shows  such  a relation  for  satin  and  cord-braid 
glass  fabrics. 

The  impregnating  lacquer  is  prepared  in  a special  heated  container  with  a 
stirrer.  A solvent  Is  added  to  the  epox:/  resin  heated  to  60-70“C.  The  mixture 
is  vigorously  stirred  until  the  epoxy  resin  dissolves  completely,  then  a solution 
of  curing  agent  is  added. 

Table  5-  shows  the  compositions  of  certain  impregnating  lacquers  usee  in  ship 
machine  building. 

To  prevent  escape  of  the  solvent,  the  impregnating  lacquer  snouid  be  stored  in  /1C5 
a sealed  container  at  a temperature  not  above  30"C.  The  stability  of  lacquer 
viscosity  is  determined  by  the  reacti'vity  of  the  epo.v/  resins  and  curing 
agents.  The  greatest  stability  of  viscosity  (over  90  days)  at  20®C  is  exhibited 
by  lacquers  based  on  halogenated  eoo:<n.'  resins  with  haicgenaced  aromatic  polyamines. 

The  lowest  stability  (10  days  at  Z0*C)  characterises  lacquers  based  on  epoxyresorcinol 
resins  with  aromatic  polyamines. 


Fig.  35.  Binder  content  C of  impregnated 
glass  fabric  vs  lacquer  concentration  b: 

1 - satin  glass  fabric;  3 - cerd-braid 
glass  fabric. 
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Cor.posicions  or  iapregr.acing  lacquer 


Component 

1 Content,  parts  by  weigne 

£D-13  epox^/  resin  j 

1 

'43.0  t 

1 

34.3 

1 34.8 

45.0 

’ iTsD-13  epo:c;/  compound  i 

! - ' 

i 45.0 

i - 

_ 

’ SKhT  epoxy  resin  ' 

' - 1 

- 

43.0 

i 

- 

( 

Triethanolamine  cicanati 

5 4.5 

4.  5 

4.3 

1 - j 

i - i 

I 1 

4.5  1 

j Sakelite  lacquer  j 

- 

_ 1 

1 

_ 

1 29.9  ' 

1 29.9  i 

1 

1 Dicyanodiamide  | 

i 

1 

- 

! 0.35 

i 0.35  ! 

_ 

: Ethanol  ' 

26.5 

26.3  ! 

26.5 

9.35  : 

9.35  j 

25.0  1 

.\cetone  ' 

25.0  ; 

23.2  1 

25.0  ' 

' 25.1 

23.13  ’ 

24.58  1 

‘ DG-100  carbon  black  ! 

j 

- 

1 

1 - i 

1.75  ‘ 

1.75 

j Ihiuram  | 

1 

j 

i 

1 

0.17  j 

! 1 

0.17  1 

r j Note.  Lacquers  whose  coaposiclon  includes  DG-100  carbon  black  and  chiuram 

f are  used  for  i^pregnacing  racing  Layers. 


► 


E 


The  iapregnarion  of  glass  fabric  with  a binder  is  carried  ouc  in  special 
iT.pregr.dCing  ciachines  equipped  with  drying  char.bers  wlrh  an  adjustable  csnperacure. 
iheso  machines  are  of  two  types:  vertical  and  horiooncai.  Vertical  aachir.es  are 

aora  popular,  since  this  design  prevents  sagging  of  the  cloth  in  the  shaft  and 
disrupting  the  orientation  of  the  fiber.  The  raain  components  of  the  machine  are 
a bath  for  the  binder,  the  feed  drua,  squeecir.g  ro3i.,  driving  shafts,  guiding  rolls, 
drying  shart,  and  Lakeup  drum.  Before  the  machine  is  charged,  the  glass  fabric 
is  rewound  on  a calender  or  rewinding  machine  into  rolls  of  specified  mass.  The  JlO" 
rewinding  should  be  done  under  tension.  The  itipreguacion  rate  and  temperature  in 
the  drying  zones  ara  determined  by  the  viscosity  and  composition  of  the  binder, 
type  of  solvent,  specified  content  of  the  binder,  its  soluble  part,  and  volatile 
substances  in  the  impregnated  glass  fabric,  ror  the  epoxy  binders  described,  the 
drying  temperature  is  SO-100"C,  and  the  impregnation  rata  ranges  from  T to  S m/min 
depending  on  the  height  and  construction  of  the  dr/ing  shaft. 


Table  55 

Physicotnechinicai  c.haracteriscics  vs  content  of  soluble  part  of  binder  for  epoxyphencl 
glass  plastic 


Content  of 
soluble  pari 
ot  binder;  ’ ' 

Strer.gt.T 

, kgr  rxi' 

j Impact  i 

Tensile 

i Bending 

■ Cenpressi 

ve 

Shearing 

— iitrengtn,^  | 

ikgf  n/cr.  - 1 

' 100  i 

64.0 

' 69.0 

43.2 

6.9 

! -.35  ! 

1 90 

60.0 

1 69.0 

1 

37.0 

6.9 

1 4.1  1 

; 50  i 

52.0 

i 37.0 

1 

32.0 

1 

5.  5 

'3.2  1 

! 40 

40.0 

35.0 

23.0 

4.3 

I 3.0  ' 

Table  56 

Change  ia  Che  concent  or  soluble  pare  of  binder  vich  storage  ciT.e  and  cersperacure 
for  glass  fabric  impregnated  with  epoxyphenol  binder 


Concenc  of 

soluble  part  c 

binder,  '4, 

at  temoeracure,  *C 

1 " ’ - 

25-30 

:c 

15 

; In  refrizeracor., 

! 

1 .5 

^ 1 

iOO 

100 

100 

. i 

; 330  i 

1 5 

30 

100 

100 

i 300 

i ^ 

65 

53 

ICO 

100  1 

10 

19 

70 

90 

100  1 

1 

40 

31 

60 

1 100  ; 

1 

35 

45 

7 

i 100  1 

30 

16 

3d 

59 

60 

26 

3^ 

51 

: 92  1 

5- 

c 


riDer  ani  ::.ber, 


i3  zhe  tensile  screr.gch  of  tne 
kgf  / Tjn* ; 

is  the  glass  content  of  the  fiber  glass  plastic  in  parts  by  volur.e; 

are  tne  nouuli  of  tension  of  the  fiber  tlass  piastic  ana  glass  fiber, 
kgf /tan 

is  the  modulus  of  tension  of  the  binder,  kgf/rja- 


It  is  obvious  froci  formulas  (17)  and  (IS)  that  the  tensile  strength  ana 
xodulus  of  tension  of  a fiber  glass  plastic  increase  linearly  with  the  glass 
content.  However,  even  in  structures  operating  in  tensicn  (Figs.  3b  and  37),  the 
binder  content  ttusc  not  be  reduced  inaef initely . For  each  type  of  fiber  glass 
plastic,  there  exists  a lixit  of  the  binder  content  below  which  a continuous  resin 
rila  is  no  longer  foraed,  and  the  adequate  bonding  of  the  glass  fibers  is  disrupted. 
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Fig.  36.  Tensile  strength  of  fiber  glass  plastic 
vs  binder  content  C for  glass  fabrics  of  brands:  a - 

TS-a/3-250;  b - T-:5. 


i) 


0) 


rig.  37.  Modulus  of  tension  Z vs  binder  content  C 
for  glass  fabrics  of  brands:  A - TS-3''3-250;  b - 


:0  Z'J  :J 


fig,  33.  Cosrpressive  strength  3 vs  binder  content  C 

c 

for  glass  fabrics  of  brands:  a - IS-8/3-250;  b - T-25. 

1 - pressure,  150  kgf/cs";  2 - pressure,  50  kgf/cniS 
3 - pressure,  10  icgf/c3i-. 


Fig,  39.  Interiaxinar  shearing  strength  - of  fiber  glass  plastic  vs  binder 
content  C for  glass  fabrics  of  brands;  a '*'^13-3/3-250;  b - 1-25. 

1 - pressure,  150  <gf/ca“:  2 - pressure,  50  kgr'/cz:^  3 - pressure,  10  kgf  'cx- 


This  is  conrirxed  by  the  veil-defined  xaxixa  on  the  curves  *f  coxnressive 
and  shearing  strengths  as  runctions  of  the  binder  content  (Figs.  38  and  39), 

It  is  a,.3o  evident  from  the  tigures  t.hat  the  optimum  binder  content  cf  fiber 
glass  plastics  is  determined  by  the  type  of  reinforcing  material  and  molding 
pressure.  On  passing  rrcm  untwisted  to  twisted  threads  and  recucing  the  molding 
pressure,  the  binder  concent  should  be  increased.  This  relationship  i?  due  to  tne 
di/erae  character  cf  tne  binder  cistribucion  in  fiber  glass  plastics. 


On 

t.*e  app 
c:  fibe: 


r.e  basis  or  the  binder  distribution  tvpes  emoloyed,  or.e  csr.  cal:ulate 
hinder  content  necessar"/  for  bonding  the  fibers  in  different 
glass  pi<astica.  Two  assumptions  are  made  to  sicrpliCv  the  •alcul^t lor. : 
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POLYMERS  IN  SHIP  MACHINE  BUIL0IN9  (POLIMERY  V SUOOVOM  MACHINOST— ETC(U) 
JUL  77  V Y BAKHAREVA*  I A KONTOROVSKAYA 


UNCLASSIFIED  N16C-TRAMS«39»»  NL 


AO 

AOA3B8& 


'1 


(a)  Che  glass  cio no  f i 1 aaen  : s in  Che  chread  have  a circular  cross  seccion; 


is 


(b)  ac  Che  aaxiaun  packing  densicy,  che  binder  discribucion  becueen  che  fibers 
criangular  (chis  hypochesis  has  been  experinencallv  confirmed  uich  models). 


A diaerasi  of  che  resin  discribucion  in  an  uncwisced  prinary  chread  is  shown  in 
Fig.  10.  The  percencage  binder  concenc  in  chis  case  is 


n=fl 

V 21^1 


(19) 


During  che  nanucaccure  of  cord-braid  fabrics  free  such  chread  and  during  che 
nodding  of  fiber  glass  piascics,  a flaccening  of  che  vefc  and  warp  chreads  cakes 
place  uncil  cheir  discribucion  becomes  "reccangular"  (Fig.  il). 


Fig.  10.  Discribucion  of  binder  in 
uncuisced  chread. 


- binder; 


- glass  fiber. 


H3S23T 


UESU 
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Fig.  11.  Discribucion  of  binder  in  fiber  glass  laainace 
based  on  braid  fabric  under  high  molding  pressure. 


1 - wefc; 


- warp;  3 - binder; 


3q,  bg  - cross-seccional 


dinensions  of  warp  chread. 


a, , b - sane,  wefc  chread. 


y 


The  binder  concenc  of  a fiber  glass  piascic  based  on  a cord-braid  fabric  aay 
be  decerained  fror.  che  follcwing  formulas: 

4.  3 - J.a 


S 


1-  iOO. 


(33) 


J 
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)=/  1 MW  = 54.7%; 

1 4 1-  3 ) 


Cl) 


a=  . I ^',.IC0  = 9.;%; 

1 2 1 3 ) 


5 =-  ■>- 

■ vn.fV. 


vr.  , .V 

* —4. 


(22) 

(23) 

(24) 


where  n is  che  calculated  binder  content,  S; 

i is  the  thickness  of  the  cord  fabric  layer,  cm; 

is  Che  thickness  of  che  cord  fabric  warp  layer,  cm; 

: is  che  thickness  of  the  cord  fabric,  cm; 

a is  che  binder  content  of  che  cord  fabric  warp  layer, 

3 is  Che  binder  concenc  of  che  cord  fabric  weft  layer,  Z; 

are  che  densities  of  che  warp  and  weft  threads  in  the  fabric,  Chreads/cm 

are  che  metric  numbers  of  Che  warp  and  weft  thread,  cm; 
is  Che  glass  density,  g/cm^; 


wa 

wa 


gl 


is  the  glass  content  of  che  thread. 


(n 


gl 


90.3%). 


Calculations  using  the  formulas  showed  that  in  fiber  glass  plastic  based  on 
cord-braid  fabric,  Che  binder  concent  should  be  no  lower  than  16%. 

In  fiber  glass  plastics  based  on  fabrics  of  tvisced  threads  with  a large 
number  of  ends,  the  binder  concent  should  be  Increased  as  compared  to  fiber  glass 
plastics  based  on  cord-braid  fabrics.  The  binder  content  is  increased  primarily 
in  the  rwisted  thread  itself  as  compared  to  the  uat’wisced  thread.  A diagram  of  the 
binder  distribution  in  such  a thread  is  shown  in  Fig.  42. 


The  binder  content  is 


— .^j.;00=  17,8" 


(25) 


In  addition,  tvisced  threads  are  flattened  less  during  weaving  and  molding 
than  untwisted  thread.  At  moderate  molding  pressures,  che  cross  section  of  the 
threads  say  be  assumed  elliptical,  whereas  in  che  ideal  case,  at  che  maximum 
packing  density,  che  binder  distribution  is  schematically  represented  as  shown 
in  Fig.  43.  Each  glass  thread  shown  in  che  figure  already  contains  17.3%  of 
binder  and  32.2%  of  glass.  The  remainder  of  che  binder  occupies  the  free  space 
between  che  glass  fibers.  The  binder  content  in  such  a fiber  glass  plastic  is 

n=  j'l--^n,ij.IC0  = 35%,  (26) 

vh.ere  Is  che  glass  content  of  the  thread,  ” (n^,  • 82.221). 

The  -jse  of  high  loldiag  pressures  causes  the  threads  to  be  flattened  further 
.and  their  cross  section  to  change  from  elliptical  to  oval.  The  resin  distribution 
pattern  In  this  case  is  shown  in  Fig.  44. 
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Fig.  42.  Distribution  of  binder  in  tvisted  thread  with  a large 
nuaber  of  ends. 

1 - binder;  2 - glass  thread. 


The  binder  content  is 


Here  a and  b are  the  geometric  dimensions  of  Che  cross  section  of  the  thread,  ca; 

Y is  the  glass  density,  g/cn';  N is  Che  metric  nuaber  of  Che  thread,  cm;  K is  the 
density  of  the  threads  in  the  fabric,  threads /ca. 


Fig.  43.  Distribution  of  binder  in  fiber  Fig.  44.  Distribution  of  binder  in 

glass  olascic  based  on  fabric  of  twisted  fiber  glass  plastic  based  on  fabric 

threads  at  low  molding  pressure.  of  twisted  threads  at  high  molding 

_ , pressure. 

1 - weft;  2 - binaer;  3 - warp; 

a,  b - cross  sectional  dimensions  of  1 - weft;  2 - binder;  3 - warp, 

thread,  ca. 

Calculations  using  formulas  (27)  and  (23)  have  shown  that  in  Che  fiber  glass 
plastic  based  on  satin  fabric  of  brand  TS-3/3-250,  the  binder  content  should  be 
no  lower  chan  26T. 


The  experinencaliy  obtained  opcinun  binder  contents  of  fiber  glass 
plastics  confirta  the  validity  of  such  calculations.  Naturally,  an  ideal  distribu- 
tion of  the  binder  cannot  be  obtained  in  fiber  glass  plastics,  and  therefore, 
the  expericental  opciaum  values  usually  are  sonewhat  higher  chan  cne  calculated 
ones.  Table  57  gives  the  optinua  (experiaencal)  values  of  the  binder  concent  for 
fiber  glass  plastics  based  on  satin  and  cord-braid  fabrics  at  different  specific 
adding  pressures. 


Table  57 

Opcimua  values  of  binder  content  for  fiber  glass  plastics 


i 

1 Reinforcing  oacerial 

Specific  molding 
pressure,  kgf/cm*- 

Optimum  binder  ! 

Concent.  T ! 

1 

1 Satin-weave  glass  fabric  of  twisted  threads 

10 

28-30  1 

i 

50 

24-26 

150 

22-24 

j Cord-weave  glass  fabric  of  untwisted 

50 

20-22 

> threads 

J 

150 

17-19  1 

■ 15,  Molding  j 

I Molding  of  fiber  glass  plastic  articles  is  a complex  process  vhose  main  para-  "! 

meters  are  temperature  and  time,  heating  and  cooling  race,  and  specific  pressure.  } 

The  first  three  factors  detemine  the  chemical  aspect  of  formation  of  the  strength 

of  the  pol>*meric  binder  and  are  practically  independent  of  the  structure  of  the  ) 

part.  The  magnitudes  of  specific  molding  pressure  and  cooling  rate  are  determined 
to  a large  extent  by  the  structure  and  dimensions  of  the  parts. 

During  molding,  the  pressure  overcomes  the  elasticity  of  the  gases  and  water  • 

I vapor  evolved  during  the  heating  and  curing  of  the  binder,  prevents  deiamination  J 

of  Che  fiber  glass  plastic,  provides  for  contact  between  the  layers  and  penetration 
! of  Che  binder  between  the  fibers  of  the  filler,  and  promotes  the  distribution  of  j 

I the  molding  material  over  the  volume  of  Che  mold.  ] 

I I 

I The  first  stage  of  molding  involves  compaction  of  the  entire  mass  of  the  fiber  j 

^ glass  plastic;  in  the  second  stage,  under  the  influence  of  elevated  pressures,  the 

i binder  penetrates  into  the  gaps  between  the  fibers  of  the  threads,  whereupon  the 

; contact  area  between  the  binder  and  glass  increases.  The  third  stage,  which  takes  /114 

I place  at  very  high  molding  pressures  (700-900  kgf/cm^),  involves  elastic  deforma- 

tion of  the  glass  fiber  and  forcing  of  Che  fibers  into  one  another.  In  the  first 
i two  stages,  the  strength  of  the  fiber  glass  plastic  increases,  and  In  the  third 

stage,  decreases.  ‘ 

Raising  the  specific  molding  pressures  from  1 to  25  kgr/cm-  is  associated 
with  a pronounced  increase  in  the  specific  contact  area  between  the  glass  and  bind- 
er, an  increase  in  the  adhesive  bond  between  them,  a decrease  in  the  porosity  of 
Che  fiber  glass  plastic,  and  a regular  increase  in  Its  strength  and  water  resistance 
(Fig.  45).  Thus,  for  example,  the  bending  strength  of  erox^-phenclic  glass  plastic 
pressed  at  a pressure  of  2.5  kgf/cm-  is  33.3  kgf/mm“,  and  at  a pressure  of  25  kgf/cm% 

71.6  kgf/ma“.  Even  greater  is  the  effect  of  pressure  on  the  decrease  in  strength 
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after  prolonged  exposure  to  water.  The  presence  of  cavities  between  the  glass 
fibers,  appearing  when  the  impregnation  of  the  fiber  glass  reinforcing  material 
during  molding  at  low  specific  pressures  is  insufficient,  promotes  the  penetration  of 
water  molecules  and  a weakening  of  the  adhesion  between  the  glass  fiber  and  binder. 
After  130  days,  the  strength  of  specimens  pressed  at  2.5  kgf/cm**  drops  by  40%, 
and  that  of  specimens  pressed  at  25  kgf/cn',  by  16%. 


rig.  45.  Effect  of  specific  molding  pressure  p on  the  physiconechanical  properties 
and  water  resistance  of  epoxyphenolic  fiber  glass  plastic. 

1 - for  shear  strength  r . ; 2 - for  bending  strength  t,  ; 3 - for  tensile  strength 

sn  b 

4 - for  compressive  strength  o^;  5 - for  Impact  strength  a;  6 - for  water 

absorption  3 of  fiber  glass  plastic  after  180  days'  exposure  to  water;  7 - for 
decreasing  the  compressive  strength  S after  130  days’  exposure  to  water. 

Further  increase  of  pressure  in  the  range  from  25  to  200  kgf/cm^  is  associated  /il3 
with  only  a slight  further  compaction  of  the  fiber  glass  plastic,  manifested 
chiefly  in  an  increase  of  the  stability  of  dielectric  properties  in  water  (Fig.  46). 
Pressures  of  300-600  kgf/cm^  have  practically  the  same  effect  and  do  not  change 
the  properties  of  the  fiber  glass  plastic.  Beyond  700  kgf/ca^,  an  appreciable 
decline  of  the  mechanical  properties  is  observed,  due  to  the  breakdown  of  the 
glass  fiber. 
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Fig.  46.  Dielectric  loss  tangent  tano  of  epox^/phenolic  fiber  glass  plastic  vs 
specific  molding  pressure  ? (the  dielectric  loss  tangent  was  determined  on  the 
specimens  after  boiling  in  water  for  6 h) . 
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In  selecting  che  specific  molding  pressure  of  articles,  it  is  necessary  to 
consider  che  conplexicy  of  their  configuration.  On  passing  froo  articles  of 
sisple  shape  such  as  places  to  articles  of  complex  geometric  shape  such  as  pro- 
pellers, cones,  etc.,  the  specific  pressure  should  be  increased  to  50-1C0  k.gf/cm“ 
because  of  che  shaping  losses. 

The  construction  of  Che  article  also  determines  che  choice  of  che  cooling 
rate  during  molding.  A properly  selected  cooling  rate  is  a prerequisite  for  ob- 
taining articles  with  minimum  internal  stresses.  It  is  well  known  chat  the  cur- 
ing of  thermosetting  binders  is  associated  with  a decrease  in  volume,  i.  e. , so- 
called  "chemical  shrinkage"  of  the  binder.  For  hot-cured  epox^/  binders,  che 
shrinkage  is  comparatively  small,  0.5-1^;  che  internal  stresses  caused  by  chemical 
shrinkage  amount  to  only  5-30  kgf/cm'^  (smaller  values  of  shrinkage  and  stresses 
are  obser'.^ed  in  binders  based  on  bifunccional  epoxydiane  resins,  and  higher  values 
are  observed  in  binders  based  on  EKhD  and  E?0F  polyfunccional  epox>*  resins). 

A much  greater  role  is  played  by  che  thermal  shrinkage  of  the  binder  and 
thermal  stresses  caused  by  different  linear  expansion  coefficients  of  Che  binder 
and  glass  (the  linear  expansion  coefficient  of  alu.ainoborcsillcate  glass  is  2.0  x 
10”"  1/*C,  and  chat  of  epoxy  binder,  (60-65)  x 10”®  1/*C).  Even  on  slow  cooling 
(l-3®C/min)  che  internal  stresses  in  che  article  are  130-190  kgf/cm“.  Ac  a cool-  /116 
ing  race  of  over  3*C/ciin,  che  internal  stresses  Increase  by  30-40".  Slow  cooling 
at  a race  of  l-3®C/mir.  is  particularly  important  for  fiber  glass  plastic  articles 
based  on  mere  rigid  polyfunctional  epoxy  resins.  Figures  47  and  43  show  cutr/es  of 
internal  stresses  as  a function  of  cooling  rate  and  chemical  structure  of  the  bind- 
er. 


The  molding  temperature  and  time  are  determined  by  the  curing  kinetics  of  che 
binders  and  are  interdependent  factors.  The  molding  temperatures  and  times  are 
selected  so  as  to  obtain  specified  phvsicomechanical  properties  of  the  fiber  glass 
plastics.  The  well-known  relation  between  che  degree  of  curing  and  physicomechani- 
cal  properties  of  the  binder  and  fiber  glass  plastic  makes  it  possible  to  utilize 
che  dependence  of  che  degree  of  curing  on  che  curing  temperature  and  time  when 
selecting  che  optimum  values  of  these  parameters. 


Kinetic  cur'/es  of  curing  of  epoxyphenolic  and  epoxyamine  binders  are  shown 
in  Figs.  49-54.  The  illustrated  data  were  plotted  on  the  basis  of  results  ob- 
tained from  a determination  of  the  degree  of  curing  by  the  methods  of  extraction 
in  a Soxhlet  apparatus  and  infrared  spectroscopy  (t  being  the  curing  time,  n che 
amount  of  nonexcraccable  substances  present  in  che  binder,  and  C che  amount  of 
reacted  epoxy  groups) . 


Extraction  in  a Soxhlet  apparatus  Is  based  on  the  decrease  in  the  solubility 
of  a pol^mier  during  its  curing.  This  method  is  carried  out  in  a simple  apparatus 
and  may  be  applied  to  specimens  of  binder  as  well  as  fiber  glass  plastic.  The 
infrared  spectroscopy  method  makes  it  possible  to  follow  che  quantitative  change 
in  epoxy  groups  from  che  change  in  absorption  intensity  at  a specified  wavelengt.a 
cn  films  of  the  binder  (Fig.  55).  This  method  can  be  used  only  with  quality 
specimens  of  binder  without  foreign  inclusions  (air,  traces  of  moisture  or  solvent). 


The  data  presented  show  a distinct  correlation  between  tr.e  chemical 
structure  of  epoxy  resins  and  their  curing  race.  The  highest  curing  rate  is 
characteristic  of  resorcinol  polyfunctional  resins.  Compositions  based  on  the  tr*'- 
functional  epoxycyanurace  resin  also  have  a high  curing  race  in  comparison  ••rich 
epox;/diane  resins. 
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The  poiyfunctional  resin  EKhD,  a tetraglycidyl  derivacive  of  dianinocichloro 
diphenylasethanef  cures  more  slowly  chan  epoxydiane  resin.  The  reaccivicy  of  this 
epox^/  resin  depends  on  various  faccors  having  opposite  effects.  The  increased 
functionality  is  inevitably  associated  with  an  increased  reactivity.  On  the  oche 
hand,  the  presence  of  halogen  atoms  reduces  the  reactivity  of  the  resin. 


e, 


^20  SO  m (SO  fuo  1 60  !sai^*c 

Fig.  47.  Residual  stresses  c in  films  of  cured  epoxyamine  binder  based  on  epoxy- 
resorcinol  resin  EPOF  vs  cooling  race. 

1 - heating  of  specimens  at  a rate  of  2*C/min  and  holding  at  180*C;  2,  3,  4 - 

cooling  of  specimens  at  races  of  2,  10  and  60®C/min,  respectively. 





20  -rO  SO  SO  fOO  ISO  140  too  ;SQty*C 


Fig.  48.  Residual  stresses  7 in  films  of  cured  epox^.’amine  binders  vs  epoxy  resi 
erp loved. 

1' , 2',  3*  - heating  of  specimens  at  a rate  of  2*C/min;  1.  2,  3 - ccoling  or 
specimens  at  a rata  of  2®C/min;  1,  1'  - ED-13  resin;  2,  2*  - Z?0F  resin:  3,  3' 

El'ChD  resin. 


r^g.  5i.  Kinetics  of  curing  of  lD-13 
epo:<y  resin  with  tricthanclanine 
cicanate  (based  on  infrared 
spectroscopy  data). 

1 - 130'C;  2 - 150®C;  3 - L40“C; 

4 - i:0*C;  5 - 100“C. 


n <9^ 
”•  /d 


Fig.  53.  Kinetics  of  curing  of  epoxy- 
phenol binder  based  on  ED-13  epox^/diane 
resin  Abased  or.  extraction  data> . 


Fig.  52.  Kinetics  of  curing  of 
ED-13  epox^.’  resin  with  triethanol- 
anine  titanate  (based  on  extraction 
data) . 

1 - 180“C;  2 - 160*C;  3 - liO^C; 

4 - i20®C;  5 - 100®C. 


J - 5 J : 

Fig.  54.  Kinetics  of  curing  of  £KhD 
encxy  resin  with  triethanolaatine 
titanate  (based  on  infrared  spectros 
copy  data). 
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Vich  increasing  xolding  ceaperacure,  che  race  and  degree  of  curing  increase.  /119 
For  instance,  in  resorcinol  and  epoxydiane  resins  in  che  course  of  curing  with 
criechanolaaine  cicanace  at  140-130*C,  che  epoxy  groups  disappear  completely, 
whereas  at  100-120®C,  even  during  prolonged  curing  lasting  24  h,  from  2 to  1% 
of  epoxy  groups  remain  unreacced. 


In  che  EKhD  resin,  the  epoxy  groups  disappear  at  temperatures  of  180-20Q*C. 
In  che  course  of  curing  at  140*C  and  160®C,  the  spectral  changes  cease  after 
8-10  h,  and  the  band  characteristic  of  epoxy  groups,  4500  cm”*,  does  not  dis- 
appear completely,  attesting  to  the  presence  of  unreacced  epoxy  groups  in  che 
composition  of  che  cured  products  (Fig.  55). 


Fig.  55.  Spectra  of  epoxy  resins  during  curing 
with  triethanolamine  titanate:  a - ED-13  resin; 

b - EKhD  resin. 

immediately  before  heating; 

— after  the  temperature  is 

raised  to  160®C; 

. after  2 h at  160**C; 

after  3 h at  loO‘*C. 

The  curing  of  phenol-formaldehyde  resin  is  a ccaolex  process  involving 
several  reactions  simultaneously,  and  therefor a, it  is  practically  impossible  to 
calculate  che  curing  rate  constant.  In  curing  with  triethanolamine  titanate, 
for  all  the  e?ox>*  binders  studied  at  a constant  temperature  of  100-180'*C,  the 
sane  fraction  of  epox*/  groups  react  during  the  same  time  interval,  as  can  be 
graphically  expressed  by  the  following  linear  relation  (Fig.  56): 


where  is  che  amount  of  epoxy  groups  before  curing,  " (Cq  » 100"); 
C is  the  amount  of  free  epoxy  groups  at  a given  instant, 
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r is  Che  curing  ciae,  ain; 

K is  Che  reaction  race  constanc,  . 

The  linear  reiacicn  becween  reaction  race  and  epoxy  group  concentration  in- 
dicates chat  Che  curing  reaction  of  the  epoxy  resins  studied  aay  be  assunied  to  be 
first  order, which  aak.es  it  possible  to  calculate  the  curing  cine  at  any  given  /120 
temperature  in  the  100-130'C  range.  The  curing  tine  of  different  binders  icter- 
ained  from  these  kinetic  cur'/es  is  given  in  Table  53. 


•z:  ‘j; 


Fig,  56.  Semilogarithmic  plot  of  curing  of  ED-13 
epo:cy  resir.  with  triethanolaaine  cltanate  based 
on  data  of  spectral  analysis. 

1 - 130“C;  2 - 160^C:  3 - 140*C;  U - UO^C; 

5 - lOO'C. 

As  was  stated  above,  for  epcxyanine  binders,  the  curing  tine  is  decemined 
from  spectral  analysis  data;  for  epoxyphenolic  binders,  it -is  deterained  from  ex- 
traction data  (because  of  the  difficulties  involved  in  preparing  specimens),  and 
Che  curing  cine  used  is  the  solubility  loss  ciae  plus  30*,  allowing  for  the  error 
of  the  extraction  method. 

In  calculations  of  the  curing  race  and  time  for  epoxyamine  binders  at  different 
temperatures,  use  nay  be  made  of  the  .irrhenlus  equation  (Fig.  57): 

(30) 

where  K is  the  rate  constanc; 

is  the  preexponencial  factor; 

E is  the  activation  energy; 
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R is  Che  gas  conscanc; 

T is  che  curing  tc-perature. 


In  esci.-aacing  che  kinetics  of  curing  involving  a siauicaneous  change  in 
cetr.peracure  and  curing  ci'.e*  ic  Is  of  inceresc  co  use  cne  ciechod  of  r.dchorr.acica-. 
planning  of  Che  experimenc.  An  experiaenC'planning  scher:ie  is  illuscracea  •-.i.ch  che 
example  of  epoxyaoine  binder  based  on  £D-13  resin. 

The  equacion  obcained  is 

12.8xi-4.06r,  — 2.T.tJ-0.o.i;--.ViA-:.  (31) 

where  x^  are,  respectively,  che  curing  time  and  temperacure  in  arbitrary  /121 

units; 

R is  che  degree  of  curing, 

Equacion  (31)  applies  in  Che  temperature  range  from  ICC*  to  ISO^C. 

The  final  choice  of  che  molding  conditions  must  be  made  on  cne  basis  or  re- 
sults obtained  from  the  detemination  of  che  physicomechanical  properties  of  the 
binders  and  fiber  glass  plastics. 


Fig.  57.  Reaction  rate  constant  K of  curing  of 

ED-13  epo:r/  resin  with  triethanolamine  titanace 

as  a function  of  temperature  in  Arrhenius  coordinates. 

Results  of  tests  of  the  physicomechanical  properties  of  epcxy  binders  anc 
fiber  glass  plastics  fabricated  under  different  conditions  are  shown  in  Tables 
59-6**.  Analysis  of  che  results  shows  chat  xn  contrast  to  the  degree  of  curing, 
che  mechanical  properties  are  determined  not  only  by  the  molding  temperature  and 
time,  but  also  by  the  heating  rate  up  to  che  molding  temperature. 
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TdbLe  :S 

Conditions  ror  noldin^  ship  siachine  buildinij  articles  trow  :Lbec  glass  plastics 
based  on  various  binders 


Binder 

i 

; 

Has  in 

Curir-4 

.^ger.c 

Molding 

tenperacu: 

“C 

Specific 
•e.«  raolding 
pressure , 
1 kgf /cm  “ 

Holding 
time  at 
molding 
ceoperatu 
min 

' Heating 
' rate 
^ ®C/rain 

1 ! 

I ipoxypheaol- 

ED- 13 

Resorcinol 

160 

i 25-100 

50 

! - 

! ic 

type  phenol- 

1 

1 1 

f orraaidehyde 

1 

! 

resin 

i f 

' Sace 

UP-63 

oaite 

160 

; 25-100 

30 

; 0.5  1 

E7sD-13 

” 

160 

! 25-100 

50 

i i 

1 Epoxyaaine 

ED- 13 

Triethanol- 

160 

i 15-50 

90 

i 1 

1 

aaine 

1 1 

' 

ticanate 

! 

ETsD-13 

Sa=e 

160 

! 15-30 

30 

' 1 i 

1 

UP-63 

" 

160 

1 15-50 

60 

0.5 

' 

EPCF 

" 

160 

! 15-50 

40 

1 0.5  1 

1 

EKhD 

130 

! 15-50 

150 

! 0.5  1 

1 

ED- 13 

Diaaiino- 

180 

: 15-50 

120 

' ^ 1 

1 

diphenyl- 

! ! 

i 

dichloro- 

1 ' 

1 

raethane 

i 

1 1 

1 

EKhD 

3ase 

130 

! 15-50 

ISO 

1 0.5  i 

* Epoxy- 

EKhD 

Resorcinol 

160 

! 25-100 

90 

' 0.5  1 

' resorcinol 

1 

1 ! 
1 

Table  55 

Physicoaechanical  properties  of  epoxyphenolic  binder  vs  curing  ^.otjperature  and  heat- 
ing rate  /1C2 


1 

Curing  temperature,  200*C 

Curing  cenoera-  j 
cure,  160®C 

1 

Heating  (6-3  h) 
at  100*C  at  a 
race  of  20*C/oin 
to  200^*0 

1 Property 

1 

t 

Heating  rate 
20^:/min 

Heating 
race  3®C/aiTj 

' 

Heating  rate 

3*C/min  j 

! 

Adhesion,  kgf/ram^ 

' Strength,  kgf/ma  ^ 

0.75 

1.25 

1.70 

2.40  1 

. tensile 

1.5 

3.1 

7.0 

5.7  j 

1 bending 

Slip  out  of 
clamps 

4.7 

10. 0 

9.9 

1 

cottprassive 

- 

18.2 

17.0 

lap-ict  strength, 

Xgf  3/ 0= ^ 

Slip  out  of 
clamps 

0.03 

0.031 

0.03 

Note.  Adhesion  of  e?ox*.-phenolic  binders  vas  deterained  by  A.  ?.  Nikciayev's 
‘aechod.^*  Curing  cir.e  vas  50  rain. 
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Table  bO 

effect  or  hearing  rare  on  che  pnysicor.echanical  properties  of  eooxy-giass  plastics 


Sending 


Strength,  kgf/mn* 
Compressive 


Incerlaninar 


Heating 

1 ' 

' Shear  | 

rate , 
*’C/min 

1 Epoxy- j 
! ?he.Tcliq 

Epoxy-' 

amine 

„ ( 
-pox^/-  ; 

plenciic 

Epox^.'- 

araine 

( 1 
'Epoxy-  Epox>’-  I 

phenolic  j amine  j 

i 

I I 

63.0 

1 ?0,3 

i 1 

■ -16.0 

o6 , C 1 

5.9  ! r.o  } 

3 i 

<i6.0  1 

:0.0 

! 43.0 

£6.0 

6.3  1 7,0  J 

5 I 

64.C  i 

' so.o 

i 42.0  1 

1 55.3 

6,4  1 6.9  1 

i ' 

- 1 

rs.o 

j i 

54. C 

6.0  • 6,r  1 

!6  i 

60.0 

■ :.o 

t 25.0  1 

5i.5  j 

5.5  ! 6.C  i 

:o  1 

n.o 

66.0 

1 i 

49,3  1 

1.4  j 5.5  : 

Remarks.  1.  ED-13  epoxy  resin. 

2.  Curing  temperature,  16G*C. 


Table  61 

Effect  of  curing  temperature  or.  che  physicomechanical  properties 
binders 


5f  epoxyanine 


I 5 - I atrer.gi-'.. 


; h 1 1 1 


ED- 13  ' 

1 iCO  j 

6.3 

1 

!6  1 

9 

1 

! 2.9 

2.9 

! 9.3  1 

i 93  J 

13.7 

1 3.J 

, !40  i 

6.9  1 

1 

11  1 

1 3.7 

2.9  1 

0.36  . 

96.1 

15.;  1 

! 3.3 

' 160  . 

6. .4  ' 

18 

10. .5 ; 

; ^0 

2.9  1 

0,33  1 

' 98 . ') 

16..3 

4.1' 

1 

ISO  ' 

! 1 

7.1 

! 

11 

1.3 

1 

1 .3  ; 

0.  .5  1 

II3.7j 

I7..3  1 

i 

j 

EKhD  i 

t 1 

1 i:o 

7 i 

' 

i u ' 

i 

■:.4  ' 

1 0.19 

, 100.3  i 

20.5 

3.5 

; ;40  1 

1 9.0 

1 13 

1 4.7 

2.3 

1 o.i: 

i Ill.O  I 

25.3 

3,4 

160  j 

1 3 0 

1 3v3 

: 12.1 

1 4.6 

i-3  ; 

; 0 :s  i 

111 .9  1 

.30  0 

; 3,-. 

i 

1 ;co  1 

1 

1 

' 1.3.9 

1 

1.4 

0.07  1 

127,0  . 

.’2.9 

.3.4 

1 

EPOF  1 

i:o  1 

7,4  ■ 

1 :o.3 

10.4  i 

1 3.3 

2.0 

0.07  1 

i ‘-2 

20  i 

^ 4.3 

1 

!40 

3.2  ' 

1 oo 

■ 12.5  1 

; 3,7 

1.3  ‘ 

0.26 

24  i 

4.2 

150  i 

3.0 

' 21 

U.4 

3,6 

1..3  ' 

0.36  ! 

! i ' 

23.6  ' 

! 4.1 

ISO  1 

3,6 

[ 22 

15.2  ( 

1 

1 *’*  , 

'■^1 

j 0.03 

:2s  . 

25. 7 

4.1 

Mote.  Heating  race,  0.5*C/min. 
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Table  62 

Zfcecc  of  aolding  cenperacure  on  che  physicotnechanical  properties  of  epc.>c/— »iass 
plastics 


‘ Glass  Plastic 

Pressing 
tempera- 
ture, “C 

Streng* 

h,  kg:/=a 

- 

Impact 
S trengch. 

i Resin 

1 

j 

Curing  Agent 

Tensile 

Compres- 

sive 

* Sending 

1 

1 

Inter- 

laminar 

Shear 

' ED-13 

Triethanolamine 

140 

80.3 

54.0 

i 32.0 

7.3 

.4.6  1 

i 

titanate 

160 

30.0 

55.0 

''  32.0 

7.2 

! 1. 7 j 

i 

130 

82.0 

56.0 

' 34.0 

6.  5 

I 4.3  ; 

1 

i 

200 

32.3 

55.0 

1 33.0 

5.7 

4.0  1 

■ EKhD 

Triethanolamine 

140 

86. 5 

69.0 

1 98.0 

9.3 

‘ 1.8  ' 

1 

titanate 

160 

85.0 

70.0 

; 100.0 

9.3 

1 4.9  1 

; 

180 

36.0 

70 . 0 

‘ 100. 0 

9.0 

1 4.5  1 

» 

200 

36.0 

69.5 

! 99.0 

8.0 

' 3.9  1 

lRD-13 

Phenol- formaxdehvae 

160 

61.0 

46.2 

1 6-. 3 

6.9 

1 4.3  i 

i 

resin 

200 

64.0 

14 . 7 

i 69.1 

6.2 

! ‘ 

‘ Note.  Heating  rata,  0.5’C/oin.  ‘ 
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Table  63 

Effect  of  holding  tine  cn  the  physicomechar.ical  properties  of  epo:r.'anine  binders  , 121 


i 

I 

Resin 

1 

Ko  Idir.g 
time, 
h 

Str 

• Tensile 
1 
1 

ength,  kg 

I Coepres- 
s i ve 

. , 2 • .Glass 

. 1 ^ ‘ ^ 

1 inoact  ' Transi 

Sending  . Strength,- Cicn  t 
ikgt  m/errr.  peratu 
1 *C 

.Adhesive 
strengt’n, 
re,  kgf /im  ~ 

Dielec 

con- 

stant 

- Micro- , 
hard-  j 
ness. 

! fh-i  ^ 

J.J 

•> 

1 6.3 

1 13.0 

10,5  0.35 

9S.5 

;.o 

3.2 

lo . 5 

15 

! 

I 19.7 

11.2  1 0.24 

117.1 

2 3 

3.2 

17.0  ^ 

1 rvsn 

2 

j 3.0 

! 25.3 

12.1  , 0.16 

'ill.: 

4. 6 

3 4 

1 

30.0 

1 

15 

9.5 

27.2 

13.7  ■ 0.12 

15'3. 6 

3.7 

3.- 

33.0 

j Note.  Curing  tempera 

1 

Cure,  160* 

c. 

1 

For  epoxypher.olic  binders,  both  excessively  rapid  heaciae  (lo-lO^C/nin)  to 
160-200*C  and  protracting  of  heating  stages  at  60-100*C  are  dangerous.  Obvious- 
ly, the  proportions  required  beeveen  the  races  of  the  nain  and  side  reactions 
are  disrupted  in  both  cases.  On  rapid  curing,  the  polyner  obtained  is  brittle 
and  inhonogeneous  in  coaposiclon.  The  tensile,  bending  and  inpacc  strengths  ci 
the  binder  cured  by  rapid  heating  to  COO’^C  are  2-2.5  tines  lover  chan  cn  Heating 
at  a race  of  1-3‘C/rtin.  The  cohesive  strength  of  the  binder  vhose  heating  stage 
vas  procricted  at  60-100‘*C  vas  1—4,1  times  lower,  and  the  adhesive  strength,  2 
tines  lever  tnan  those  of  the  bincer  cured  under  opcinun  ccnuicior.s. 
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Table  64 

Effect  of  holding  cine  on  che  physiccmechanical  properties  of  epoxyaaine  glass 
plastics 


, Strength,  kgf/am'' 

! ; - Impact 

Resin  ' Holding  j Tensile  i Conpressive i Bending  ! Inter laainar  Screngch, 


at  liifferent  tiaes  and  resulting  in  internal  stresses.  Thus,  for  a blade  of  a 
propeller  1.5  a in  diameter,  wnen  the  mold  is  heated  at  a race  of  O.S-l. 2®C/min, 
the  temperature  lag  in  a cross  section  vith  a maximum  thickness  of  60  mm  is  50- 
20®C.  Ac  a heating  race  of  5-3*C/min,  the  temperature  lag  of  the  inner  layers 
for  the  same  blade  amounts  to  90-50'*C  and  is  unacceptable. 

In  Che  molding  of  fiber  glass  plastic  articles  for  ship  machine  building, 
heating  races  from  0.5  to  3*C/min  have  been  established.  A heating  rate  of 

0. 5*C/min  is  used  in  the  fabrication  of  large-sired  fiber  glass  plastic  articles 
based  on  epoxydlane  resins,  when  the  mass  of  the  mold  exceeds  2 cons,  and  for  all 
ocher  fiber  glass  plastic  articles  (irrespective  of  size)  based  on  polyfunctional 
epo.xy  resins. 

Table  59  presents  test  results  for  binder  specimens  prepared  at  various  tempera 
Cures.  Speecimens  cured  at  120*C  have  low  cohesive  and  adhesive  strength  and  micro- 
hardness,  this  being  due  to  incomplete  curing  and  the  presence  of  unreacted  epoxy 
groups  in  the  structure  of  the  cured  binder. 

As  Che  curing  temperature  is  raised  above  160*C,  the  main  adhesion  cancers, 

1.  e. , hydrox^/ls,  disappear,  and  thermal-oxidative  degradation  of  the  binders 
cakes  place,  causing  a regular  decrease  in  adhesive  strength  and  a sharp  increase 
in  Che  brittleness  of  the  cured  binder.  As  the  curing  temperature  of  the  binder 
is  raised  from  160  to  200®C,  the  residual  stresses  at  the  glass-polymer  interface 
increase  1.5-fold  (Fig.  59).  The  decrease  in  Che  adhesive  strength  of  the  binders 
inevitably  leads  to  a sharp  decrease  i.n  che  strength  of  fiber  glass  plastics, 
particularly  in  interlaminar  shear.  As  che  molding  temperature  is  raiseo  to 
200*C,  the  fatigue  strength  of  fiber  glass  plastics  under  alternating  and  repeated 
static  loads  also  decreases. 
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Fig.  59.  Residual  stresses  in 

films  of  cured  epoxyanine  binder 
based  on  EPOF  epox;/resorcir.ol  resin 
vs  curing  temperature  c. 


In  view  of  che  fact  that  che  durability  of  a fiber  glass  plastic  and  its  de- 
lamination  resistance  are  extremely  important  properties,  a molding  temperature  of 
140-160®C  is  recommended  for  ship  machine  building  articles.  The  load-carrying 
capacity  of  propellers  molded  at  this  temperature  is  20-3C"  higher  chan  that  of 
propellers  molded  at  200*C. 

Tables  63  and  64  give  the  results  of  tests  of  binders  and  fiber  glass  nlastics 
molded  for  2 and  15  h at  160^C.  The  tests  show  chat  as  che  holding  time  is  ex- 
tended to  15  h,  the  cohesive  strength  and  tnicrohardr.ess  of  the  binders  increases, 
and  the  glass  transition  temperature  rises.  At  the  same  time,  che  adhesive  strength 
and  elasticity  of  che  binders  decrease.  The  strength  of  fiber  glass  plastic 
specimens  at  room  temperature  remains  practically  unchanged  vith  increasing  holding 
time.  Increasing  the  holding  time  during  the  molding  of  fiber  glass  plastic 
articles  causes  an  appreciable  increase  in  heat  resistance. 


16.  Fiber  Glass  Plascics  with  Protective  Co«acings 

With  the  expanding  scope  ot  application  of  polycseric  materials  In  ship  riachine 
building,  it  becomes  necessary  to  develop  materials  combining  a high  structural 
strength  vith  excellent  erosion  properties  under  different  service  conditions. 

The  principal  structural  polymer  - fiber  glass  plastic  - does  not  possess  the  / 
required  erosion  resistance  in  many  cases.  Fiber  glass  plastic,  for  example,  is 
characterized  by  the  erosion  of  the  resin  film  under  the  influence  of  solar  radia- 
tion and  low  cavitation  resistance  and  resistance  to  hydroabrasive  and  abrasive 
wear.  These  disadvantages  of  fiber  glass  plastics  lirJ.t  their  use  for  many 
articles  in  ship  machine  building  where  their  application  would  be  highly  promis- 
ing, for  example  as  hydrofoil  propellers  and  pump  impellers  operating  in 
corrosive  media. 

The  problem  of  increasing  the  erosion  resistance  of  fiber  glass  plastics  is 
solved  by  creating  a surface  layer  made  up  of  various  polymeric  materials  or  metals. 
The  material  is  chosen  in  each  specific  case  on  the  basis  of  the  service  conditions 
and  technological  characteristics. 

The  materials  used  most  extensively  as  surface  layers  in  ship  machine  building 
are  chermoplasts , rubbers,  polyurethanes  and  organic  coatings. 

The  application  of  surface  layers  may  be  carried  out  by  jointly  molding  the 
material  of  the  coating  and  the  main  molding  material,  or  applying  on  the 
finished  fiber  glass  plastic.  ^Chen  the  coating  is  applied  on  the  finished  plastic, 
the  surface  of  the  latter  is  subjected  to  shot  blasting  and  degreased. 

Thermoplast-base  coatings.  The  chermoplasts  used  for  coating  fiber  glsss 
plastics  are  mainly  polyethylene  and  various  brands  of  f luoropiascics.  The  choice 
of  a given  thermoplasc  is  made  on  the  basis  of  its  processing  and  mechanical 
properties.  Thus,  polyethylene,  which  has  a high  chemical  stability,  erosion  re- 
sistance and  water  resistance,  is  recommended  as  a coating  for  plastic  blades, 
rotors  and  housings  of  pumps  handling  corrosive  fluids,  operating  in  abrasive 
media,  etc.  FluoroplasCic  4,  which  has  valuable  antifriction  properties,  may  be 
successfully  used  in  friction  components. 

The  application  of  a surface  layer  of  chermoplasts  is  achieved  in  several 

ways . 

(a)  using  a lacquer  of  thermoplascs ; 

(b)  gluing  or  joint  molding  of  fiber  glass  plastic  with  a film  of  thermc- 
plascs; 

(c)  cladding. 

In  the  first  method,  the  thermoplasc  lacquer  is  prepared  by  dissolving  the 
polymer  in  a suitable  solvent  or  solvent  mixture.  Depending  on  the  brand  of  the 
polymer  and  its  viscosity,  lacquers  of  different  concentrations  are  prepared. 

The  coating  is  applied  In  layers  with  a brush  or  paint  sprayer  on  the  cured 
fiber  g.lass  plastic.  The  applicacicn  conditions  are  chosen  as  a function  of  the 
requirea  coating  thickness,  brand  of  pol%*mer  and  solvent.  Only  soluble  thermo- 
places  - f luoroplastics  of  brands  42,  23,  2,  and  26  - may  be  used  for  applying 
the  coatings. 
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The  opcii^um  coarir.g  rhickness  is  100-150  ’-Tr.en  a coating  over  150  -r 

chick  is  obtained  in  this  aianner,  its  adhesion  to  the  fiber  glass  plastic  de- 
clines considerably,  so  that  fiber  glass  plastics  with  such  coatings  are  suitable 
only  tor  seir/ice  under  acnospheric  conditions,  and  their  use  for  protection  against 
cavitation  and  abrasives  is  ineffective. 

This  oiethod  is  best  suited  for  renewing  the  surface  layer  of  articles,  since 
it  is  technologically  simple  and  nay  be  carried  out  directly  on  ships. 

It  is  well  known  that  because  of  their  chenical  inertness,  all  themoplascs 
have  low  adhesive  strength.  To  iicprove  the  adhesive  properties,  the  filn  is 
first  activated;  this  consists  in  treating  it  with  a solution  of  netallic  sodium 
in  a mixture  of  naphthalene  and  tetrahydrof uran  for  15  min,  then  washing  with 
acetone  and  water  to  remove  Che  organic  substances  and  salts,  .\fcer  the  activation, 
Che  surface  of  the  film  is  coated  with  an  adhesive  layer.  The  adhesive  layer  used 
may  consist  of  epo.xy  adhesives,  for  example  of  the  follcwing  ccmpcsicion:  ED-5 
resin  - 100  pcs.  wt,  and  L-19  low-molecular  polyamide  - 30  ?ts.  wt.  Bonding  o: 
the  activated  film  Co  the  adhesive  layer  is  carried  out  at  a pressure  of  25-50 
kgf/ca*^  and  may  also  be  done  on  the  finished  fiber  glass  plastic  as  well  as  dur- 
ing the  molding  process. 

Despite  the  activation  of  the  film,  this  method  does  not  provide  fcr  a de- 
pendable service  of  the  fiber  glass  plastic  under  complex  conditions.  At  the 
same  time,  the  method  of  bending  the  film  during  molding,  which  requires  no  addi- 
tional operations  and  does  not  prolong  the  technological  fabrication  cycle,  is 
a 'nry  promising  one. 

The  most  effective  method  of  increasing  the  adhesion  of  film  coatings  is 
the  introduction  of  epo:c/  compositions  into  the  thermop lasts . The  composition 
of  Che  thermosetting  film  is  c.nosen  sc  as  to  obtain  its  high  adhesion  while  pre- 
serving all  Che  attractive  properties  of  the  chermoplast.  One  such  material 
that  has  been  developed  is  an  epoxyf luorcplastic  film  based  on  f luoroplastics 
and  an  epox^/  composition  in  the  proportion  of  80:20  to  92:3.  Fluoroplastics  of 
brands  -*2,  26  and  23  are  used  in  the  newly  developed  film. 

To  preserve  the  specified  proportion  of  the  components  and  ensure  the 
joint  curing  of  the  molding  material  and  surface  layer,  the  melting  temperature 
of  the  surface  layer  material  should  correspond  to  the  curing  temperature  of  the 
binder  and  amount  to  150-130^0  (depending  on  the  type  of  binder  employed). 

Vhen  Che  melting  temperature  of  the  surface  layer  material  is  below  the  cur- 
ing temperature  of  the  binder,  the  molding  involves  mixing  of  the  components  of 
Che  surface  layer  and  binder,  leading  to  a disruption  of  Che  specified  proportions 
and  a decline  in  the  properties  of  the  surface  layer.  Vhen  a thermosetting  film  / 
is  used  having  a melting  temperature  above  the  curing  tenperature  of  tne  molding 
material,  joint  curi.ng  of  the  laminate  is  not  achieved,  and  the  adhesion  declines 
sharply. 

To  make  Che  film  convenient  to  handle  and  pre’/ent  its  stickiness,  it  is 
necessary  to  use  solid  components  of  an  epox^r  composition,  for  example,  solid 
epox^/diane  resins  with  a molecular  weight  of  300-1200,  which  are  compatible  with 
iluoroplascics.  To  obtain  a long  storage  period  of  the  film,  the  curing  agent 
should  have  a low  activity  at  room  temperatures.  Therefore,  aromatic  polyamines 
may  be  used  as  zr.e  curing  agent,  with  a melting  temperature  not  below  ICO^C,  fcr 
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exaiapie,  3,3’  ,5,5’-tecrachloro-4,4’-dianir.odiphen/lrjechane,  3 , 3 '-dichloro-i , 4 ' - 
diaoir.odipheaylrzechaae , 4 ,4’ -dianinodiphenyl  sulfone. 

The  cladding  aechod  is  based  on  the  penetrability  of  a tiolten  thertiopLasc . 

In  cladding,  adhesive  strength  is  achieved  by  sechanical  bonding  of  the  theme-' 
piast  to  the  ceils  of  the  glass  fabric.'*'* 

Cladding  consists  of  the  following  operations.  The  thernoplasc  powder  is 
applied  on  the  shaping  blanks  of  nonimpregnated  glass  fabric  and  tielted  in  a ciosec 
sold  under  pressure,  Because  of  the  high  viscosity  of  the  nelc,  the  therr.cplasc 
penetrates  only  partially  into  the  thickness  of  the  glass  fiber,  and  the  other 
side  of  the  latter  reaains  free  of  the  therxopiast.  The  clad  blank  is  coated  with 
a solution  of  binder  on  the  unprotected  side  and  dried  until  the  solvent  is  driven 
off.  The  blank  obtained,  one  side  of  which  is  coated  with  the  chernoplast  nelt, 
and  Che  other  side  with  the  binder,  Is  molded  along  with  the  main  stack  of  blanks 
under  the  schedule  usually  employed  for  the  given  type  of  fiber  glass  plastic. 

In  selecting  the  brand  of  thernoplasc , it  is  necessary  to  consider  the  follow- 
ing conditions: 

(a)  Che  themopiasc  ausc  have  a high  viscosity  of  the  aeit  to  ensure  only  a 
partial  penetration  of  che  therxopiast  into  the  ceils  of  the  glass  fabric; 

(b)  che  melting  temperature  of  the  theraoplasc  should  be  higher  than  that 
of  che  viscofluid  state  of  the  binder  to  avoid  mixing  the  binder  and  material  of 
che  surface  layer  in  c.he  course  of  the  noiding. 

Rubber-base  coatings.  Rubber,  which  has  highly  elastic  properties,  vichscands 
abrasive,  hydroabrasive  and  cavitation  wear  better  than  other  materials.  Because 
of  their  high  elasticity,  rubber  coatings  absorb  most  of  che  kinetic  energy  e.x- 
pended  in  reversible  def omacions. 

The  highest  wear  resistance  is  e.xhibicsd  by  rubbers  based  on  h’airit  and  poly- 
urethane rubbers. 

Rubberizing  may  be  accomplished  In  two  ways:  bonding  calibrated  uncured 

rubber  to  cured  fiber  glass  plastic,  followed  by  heat  treatment  in  molds  at  a 
specific  pressure  of  100-150  kgf/ca^,  and  suitable  temperatures  and  rubber  /I30 

’Aiicanization  times,  and 

joint  molding  of  impregnated  glass  fabric  with  vulcanized  calibrated  rubber 
u»nder  conditions  selected  for  molding  the  given  type  of  fiber  glass  plastic. 

In  both  cases,  use  is  made  of  adhesive  sublayers,  che  best  of  which  is 
leucor.ace  adhesive  (MRTU  6-14-235-69).  leuconate  is  a 19-21%  solution  of  para- 
triphenylmechane  criisocyanate  in  dichloroechane . In  che  first  method,  to  in- 
crease che  adhesion,  the  surface  of  the  fiber  glass  plastic  is  subjected  to  shot 
blasting  and  degreasing,  and  che  adhesive  sublayer  is  applied  on  it.  In  che 
second  method,  the  adhesive  sublayer  is  applied  on  che  surface  of  rubber  preactivated 
with  concentrated  sulfuric  acid. 

Rubber  coatings  are  easily  damaged  in  service  because  of  che  low  cohesive 
strength  of  rubber. 

Polyurethane-base  coatings.  In  their  properties,  polyurethanes  are  analogous 
to  ruboer  coatings,  but  excel  them  in  wear  resistance.  The  technology  of  applica- 
tion of  polyurethane  coatings  on  fiber  glass  plastic  articles  is  similar  to  that 
of  application  of  polyurethanes  on  metal  articles  and  is  described  in  detail  in 
Chapter  10. 
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17.  Metailisacion  of  Fiber  Class  Plastics 

Mecal  coatings  iaparc  special  properties  to  fiber  glass  plastics  and  Ir.prove 
their  erosion  resistance. 

Valuable  properties  of  the  coatings  are  tianifesced  when  their  thickness  is 
less  than  1 ’kCi.  In  :aosc  cases,  the  necai  is  held  on  the  fiber  glass  plastic  by 
Che  physical  bonds  between  the  aolecules  of  the  T.etal  and  xacrocolecules  of  the 
binder.  When  setallired  articles  are  used  at  fluctuating  ter.peracures , it  is 
necessary  to  consider  the  existing  significant  difference  between  the  linear  ex- 
pansion coefficients  of  the  mecal  and  fiber  glass  plastic  (a  2 to  10-foid 
difference),  which  gives  rise  to  internal  stresses. 

A substantial  number  of  methods  of  metallizing  fiber  glass  plastics  are  known; 
vacuum  evaporation,  cathode  sputtering,  reductioii  of  the  metal  from  gaseous  compounds, 
chemical  and  electroplating,  and  mecal  spraying.  In  practice,  the  latter  three 
methods  have  become  the  most  popular  ones. 

The  method  of  obtaining  metal  coatings  by  chemical  reduction  of  metals  from 
salts  or  complex  compounds  consists  in  carrying  out  oxidation-reduction  reactions 
based  on  electron  exchange.  The  rate  of  the  reaction,  i.  e. , reduction  of  the 
metal,  depends  on  the  type  of  reduccant,  hydrogen  ion  concentration  (?H) , tempera- 
ture, and  presence  of  a catalyst.  Metal  ions  bound  into  complex  compounds  are  /131 

most  easily  reduced.  The  adhesive  strength  of  a metal  coating  obtained  in  this 
manner  is  determined  by  the  adhesion  between  the  surfaces  of  the  mecal  and  fiber 
glass  plastic  and  is  a function  of  the  wettability  and  roughness  of  the  fiber  glass 
plastic  surface. 

The  chemical  metallization  method  produces  smooch,  brilliant  and  matte  sur- 
faces, Disadvantages  of  this  method  include  a complex  preparation  of  the  surface, 

Che  difficulty  of  metallizing  large-sized  and  shaped  articles,  considerable  labor 
intensity,  and  high  losses  of  metal  due  to  its  deposition  on  the  tub  wails. 

A new  chemical  metallization  method  - the  sorption  method  - has  been  developed  in 
the  last  few  years, 

Slectronlatin^  metallization  is  based  on  the  deposition  of  metals  from  acuecus 
solutions  or  salts  by  electrolysis.  The  quality  of  the  coatings  depends  on  the 
electrolysis  conditions,  concentration  of  the  salt  of  the  deposited  metal  in  the 
electrolyte,  temperature,  current  density  and  shape  of  the  article. 

In  many  cases,  to  increase  the  adhesion  of  the  eiecrrodeposit , carbon  black 
or  graohite,  which  under  suitable  conditions  becomes  exposed,  is  introduced  into 
Che  binder  of  the  fiber  glass  plastics.  The  best  adhesion  of  electrodeposi ts  is 
achieved  by  means  of  special  etching,  for  example  in  concentrated  sulfuric  acid 
or  a mixture  of  sulfuric  and  chronic  acids.  Etching  of  the  surface  leads  to  the 
formation  of  aicrochannels  and  microcavities  which  are  filled  with  chemically  re- 
duced copper,  stiver,  or  palladium.  The  current-conducting  layer  obtained  is 

subjected  to  copper,  nickel,  or  chromium  plating.  An  eiecrrodeposit  30  un  trick  J 

has  a high  wear  and  corrosion  resistance.  i 

The  chief  disadvantages  of  electroplating  are  the  high  cost,  complexity,  and 
difficulty  of  Che  process. 
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One  of  che  cheapest  and  aost  universal  riecallizarion  aechods  is  spraying. 

This  is  a cheraonechanical  process,  in  which  che  aolien  aecal  is  pulverized  into 
fine  parcicles  by  an  air  jet  and  deposited  cn  the  surface  of  the  article.  The 
spraying  nethod  3ay  be  used  to  obtain  a coating  thickness  up  to  several  tiiili- 
cecers.  Metals  or  their  alloys  vich  fairly  low  melting  points  are  used  for  spray- 
ing. 

The  technological  process  of  spraying  involves  three  consecutive  operations: 
preparation  of  the  surface,  deposition  of  the  coating,  and  treact:enc  of  the  coating. 

Preparation  of  the  surface  consists  in  degreasing  it  and  raking  it  rough  by 
aeans  of  shot  blasting  treatment.  The  spray  coating  is  then  carried  out  in  a 
special  retallization  chaniber. 

Depending  on  the  initial  state  of  the  sprayed  retals  and  rethod  of  their 
fusion,  the  spraying  is  carried  out  by  using  different  t'.-'pes  of  equipment: 

wire  gas  t>*pe; 

wire  electric-arc  type;  /132 

powder  t;^e; 

operating  on  liquid  ratal. 

In  the  netallisation  of  fiber  glass  plastics,  the  articles  cannot  be  heated 
above  ICO’C. 

The  best  spraying  results  are  obtained  with  a normal  direction  of  motion  of 
the  r.etal  particles.  If  the  particles  are  incident  on  the  surface  being  sprayed 
at  an  angle  smaller  than  60**,  they  are  reflected  from  it.  The  distance  from  the 
nozzle  of  the  recailization  device  to  the  workpiece  should  be  10-15  cm.  If  this 
distance  is  greater,  the  diameter  of  the  metal-air  jet  increases,  the  velocity  of 
Che  sprayed  particles  decreases,  and  oxidation  and  the  porosity  of  the  coating  in- 
crease. Thus,  for  e.xarple,  when  the  distance  from  workpiece  to  the  nozzle  is 
30  cm,  Che  oxide  content  of  the  coating  is  a0%,  its  wear  resistance  decreases 
by  a factor  of  5-iO  and  its  hardness  by  a factor  of  two. 

For  each  type  of  sprayed  metal,  there  is  an  upper  limit  of  coating  thickness 
above  which  the  r.etal  peels  off  and  cracks.  Thus,  for  zinc  this  value  is  0.15- 
0.20  mm,  and  for  aluminum,  0.3-0. 4 mm. 

A coating  obtained  by  spraying  has  no  metallic  luster,  is  quite  porous  (up  to 
60%  by  volume)  and  has  a rough  surface.  To  give  the  surface  the  necessary  finish 
and  reduce  the  porosity,  the  coating  is  polished  after  spraying. 

Metallization  markedly  increases  the  heat  resistance  of  fiber  glass  plastics, 
this  being  due  to  the  high  reflectivity  and  thermal  conductivity  of  tha  metal. 

Metal  coatings  reflect  up  to  92%  of  luminous  and  thermal  radiation.  The  coatings 
increase  the  chemical  resistance  and  dimensional  stability  of  articles  used  at 
elevated  temperatures.  The  working  temperatures  of  articles  after  metallization 
are  raised  by  5C-100”C. 

Metal  coatings  decrease  the  water  absorption  of  articles  made  of  fiber  glasa 
plastics  and  increase  their  resistance  to  corrosive  media.  The  erosion  resistance 
CO  abrasive  and  hydroabrasive  wear  of  the  articles  is  markedly  improved.  For  ex- 
ample, Che  abrasive  wear  resistance  of  :ib«*r  glass  clastic  articles  with 
a steel  coating  is  five  “i~es  greater  t.caa  the  erosion  resistance  of  the  same 
articles  without  a coati.ag.“’ 
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Ac  Che  present  tic:e,  the  plastics  ciecaiiizatian  technoicgy  is  being  sceaiily 
iaproveii,  ar.J  the  industrial  application  ci  netalliced  polyr.ers  is  rapidly  in- 
creasing. Thus,  while  in  1965  the  consurapcian  of  zietallized  .^C  copolymer  in  U.S. 
shipbuilding  was  300  tons,  in  1970  it  rose  to  2,000  tons. 

In  the  uetaiiitacion  of  plastic  articles,  it  is  necessary  co  consider  chat 
Che  assortsent  of  polyaers  suitable  for  tetallizacion  is  very  lirtited.  Three 
tiain  groups  of  plastics  are  distinguished  according  to  the  t^agnitude  of  adhesion 
between  che  polyrter  and  secal  coating. 

The  first  group  includes  polymers  providing  for  high  tear  resistance  (3-5  ks) 
and  an  adhesion  strength  stable  with  tine,  sucn  as  special  grades  of  .ASC  copolynters 
polypropylene  and  poiysulfone.  The  second  group  includes  polvester  resins  anc 
certain  copolymers  of  styrene,  for  exanple  with  acrylonitrile  or  butadiene. 
Metallization  of  such  polymers  is  most  desirable  when  they  are  used  for  the  fabrica* 
Cion  of  comparatively  small  articles  of  spherical  and  round  shapes,  since  auhesicn 
in  such  cases  is  achieved  only  as  a result  of  che  so-called  enveloping  effect. 

The  third  group  of  plastics,  which  lends  itself  least  to  metallization,  in- 
cludes polyvinyl  chloride,  polyamides,  epoxy,  phenol-formaldehyde  and  urea-formaide- 
hyde  resins,  polycarbonates,  and  polyfontaldehyde.  Some  of  these  plastics  can  be 
successfully  metallized  by  spraying.  However,  metal  coatings  on  articles  made  of 
such  plastics  usually  exhibit  poor  resistance  to  mechanical  and  thermal  stresses. 

Of  great  importance  is  a proper  selection  of  articles  suitable  for  mecalliza- 
ticn.  In  each  case,  che  selection  of  che  article  is  determined  by  economic, 
technological  and  service  considerations,  which  are  taken  into  account  in  che 
selection  of  the  metallization  method  and  brand  of  plastic.  The  shape  and  design 
of  the  article  must  meet  che  requirements  of  che  technological  metallization 
process,  since  they  determine  che  adhesive  strength  of  the  metal  coating. 

The  characteristics  of  each  metallization  method  must  be  considered;  fcr  ex- 
ample, in  electroplating  metallization  - the  nonunifomicy  of  the  metal  coating 
on  che  surface  of  che  art;.zie:  che  metal  deposits  faster  on  faces  and  projections 

than  In  depressions,  recesses,  cavities  and  covered  areas. 
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Chapter  5. 


M-‘xDE  or 


3A3IC  PRINCIPLES  OF  DESIGN  OF  SHI?  >L\OHIN£  BUILDING  .'-lRTICLE? 

FIBER  GLASS  PLASTICS  £QUI?:*ENT  FOR  THEIR  MOLDING 

IS.  Basic  Principles  of  Design  of  Articles 

As  was  noted  previously,  eroxy  glass  plastics  are  usee  in  ship  machine  build- 
ing for  making  ship  propellers,  fan  and  pucp  iispellers,  various  types  of  fairings, 
etc.  In  view  of  the  relatively  linitec  experience  in  the  fabrication  of  such 
articles  froa  fiber  glass  plastics,  there  are  no  special  netheds  of  their  struc- 
tural design,  and  as  a rule,  the  design  of  such  articles  is  carried  out  at  the 
present  tine  by  using  methods  adopted  for  the  corresponding  rcetal  articles.  How- 
ever, ail  designs  used  for  tietals  cannot  be  mechanically  transferred  to  the  design 
of  articles  made  of  fiser  glass  plastics.  It  is  necessary  to  consider  such 
characteristics  of  fiber  glass  plastics  as  anisotropy  of  physicotr.echanical  proper- 
ties, brittleness  of  glass  fiber,  less  elastic  properties,  relatively  Low  fatigue 
strength,  etc. 

In  the  design  of  articles  made  of  fiber  glass  plastics,  it  is  necessary  to 
avoid  abrupt  changes  in  thickness  and  discontinuous  Junctions,  since  this  is 
associated  with  sharp  benas  and  breaks  of  the  glass  fiber  which  inevitably 
result  in  considerable  loss  of  strength.  To  obtain  equivalent  strength  and 
rigidity  margins  of  metal  and  plastic  articles,  their  cross  sections  must  some- 
times be  made  thicker.  In  each  individual  case,  the  sine  of  the  thickening  is 
determined  by  the  relationship  between  the  ultimate  strength  and  elastic  modulus 
of  the  plastic  and  metal.  When  shaping  th^  cross  sections,  it  is  necessary  to 
keep  in  mind  that  thin  sharp  edges  of  fiber  glass  plastics  are  insufficiently 
strong;  the  smallest  allowable  radius  of  curvature  of  the  edges  is  0.75-1.5  me, 
depending  on  the  sice  of  the  articles. 

^Tien  threaded  joints  are  made,  it  is  necessary  to  use  metallic  reinforcement. 
The  latter  should  be  made  of  steel,  since  its  coefficient  of  linear  expansion  is 
the  closest  to  that  of  fiber  glass  plastic.  The  reinforcing  material  in  the  articl 
should  be  oriented  so  that  the  maxiaun  number  cf  fibers  coincide  in  direction 
with  the  trajectory  of  the  principal  normal  stresses  arising  in  the  article  dur- 
ing service.  The  remaining  fibers  should  be  oriented  according  to  the  direction 
of  action  and  the  relationship  of  other  stresses  in  the  article.’' 


In  addition,  when  designing  articles  it  is  necessary  to  consider  the  technolog 
cal  feasibility,  related  :o  Che  iimlced  dimensions  of  the  hydraulic  presses  and 
Che  difficulties  involved  in  fabricaci.ig  the  equipment. 

The  design  of  ship  machine  building  articles  made  of  fiber  glass  plastics  is 
discussed  in  greatest  detail  by  using  the  example  cf  ship  propellers  (Fig.  60). 

Shi?  propellers  are  made  in  either  all-plastic  or  composite  form.  Advantages 
of  the  ail-plascic  version  include  a smaller  mass  of  the  propeller,  low  labor  in- 
tensity of  fabrication,  and  absence  of  a metal  boss  and  bracing  parts. 

However,  in  selecting  the  version  to  be  constructed,  it  is  necessary  to  con- 
sider the  following: 

impossibility  of  molding  ali-piastic  propellers  larger  char.  1.2-1. 5 m in 
diameter  because  of  the  Limited  dimensions  and  power  of  the  molding  equipment; 

impossibility  of  molding  ail-plascic  propellers  having  overlapping  blades 
(in  normal  projection;; 
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Diraccicn  or  Direction  zi 


Fi^.  60.  All-plastic  propellar. 

1 - fiber  glass  plastic  blade:  2 - reinforcing  hub;  2 - fairing  Rur; 

ing  rings:  5 - locl<  vasher;  6 - edging. 


reduction  in  the  strength  of  all-plasclc  propellers  in  the  region  where  the 
blade  seets  the  boss,  due  to  the  bending  of  the  glass  fiber  unavoidable  in  this 
region. 

Most  popular  are  propellers  of  cooposite  desis^n,  which  consist  of  plastic 
blades,  netai  bosses  and  netal  bracing  parts.  The  joint  between  the  blades  and 
boss  is  aade  rigid  for  fixed  pitch  propellers  (FTP).  The  bosses  and  bracing  par 
of  propellers  are  nade  from  the  sase 'brands  of  r.etals  as  tietal  propellers. 

The  blade  cross  sections  of  all-plastic  propellers  are  nace  iO-50"  chickar 
than  netal  ones,  and  in  addition,  the  allowed  stresses  are  reduced  by  25-30*. 

To  reduce  the  effect  of  bending  of  the  glass  fiber  cn  the  strength  cf  the 
blades,  the  radius  cf  the  fillets  is  taken  to  be  equal  to  (0.04-0.051D,  where  D 
is  the  propeller  diaaeter. 

The  boss  of  all-plascic  propellers  is  in  the  shape  cf  a truncated  cone  with 
a larger  diameter  on  the  forward  end  of  the  boss.  The  ccnicity  of  the  lateral 
surface  of  the  boss  is  taken  to  be  equal  to  1:5  and  1:6.  Likewise,  the  use  of 
3 barrel-shaped  joss  which  also  has  a larger  cianeter  on  the  forward  end  is 
allc'wea.  The  boss  diameter  should  be  no  greater  than  0.2-0.25  cf  the  propeller 
diameter. 


The  joint  between  the  all-plastic  propeller  and  the  snait  nay  be  botn  a key 
join:  and  a splined  joint  (ria.  61).  Tn  a key  Joint,  the  conical  opening  is  re- 
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iacorced  vich  a aecai  hub.  I:  che  propeller  has  thr^ead^d  openings,  reinforcei 
Qfitai  ^iamcncs  arti  provided  lor  chen.  To  improve  bond  becveen  rhe  reinforc- 
ing hub  and  che  fiber  glass  plastic,  <nurling  In  the  fern  of  racial  and  axial 
grooves  is  nude  on  the  outer  surface  of  the  hub.  In  the  case  of  a splined 
joint  betveen  the  propeller  and  snaft,  the  use  of  a reinforcing  hub  r.av  be  onitted. 

To  provide  for  the  necessary  strength,  the  thickness  : of  the  fiber  glass 
plastic  layer  around  the  reinforcing  hub  is 

where  d is  the  diameter  of  the  reinforcing  hub; 

^aax  maximum  blade  thickness  in  the  root  section. 

Because  of  the  lower  shearing  strength  of  fiber  glass  plastic  in  comparison 
with  metal,  ail  the  locking  elemer.ts  (clearance  lugs  of  loc.<  washers,  screws, 
etc.)  are  placed  in  the  reinforced  metal  hubs.  To  protect  the  end  of  the  shaft 
rroT.  penetration  of  water  from  the  rear  and  forward  ends,  the  boss  is  sealed  with 
giskets  or  cord  made  ot  ruober  and  loara  plastic.  The  fairing  nuts  are  made  as  in  /137 

metal  prtpellers. 


7ig.  61.  Splined  joint  between  all-plastic  propeller  and -shaft. 

In  designing  prcpeiiers  in  the  composite  version  (Fig.  62)  particular  atten- 
tion should  be  given  to  che  choice  of  the  type  of  joint  between  the  blades  and 
boss,  since  chi.s  -coDponent  carries  the  highest  load  and  is  difficult  to  build. 

The  use  of  a design  for  mounting  plastic  blades  which  duplicate  the  mounting  of 
metal  blades  (the  blaces  had  a joining  flange  and  were  mounted  on  che  boss  by 
means  of  mounting  pins)  has  lad  to  negative  results,  i.  e. . breakage  of  the  blades. 
The  blades  broke  along  Che  flange.  An  analysis  of  the  causes  of  the  failure 
showed  chat  in  t.iis  design,  it  ia  impossible  to  obtain  a blade  with  che  aopropriate 
strengt.n,  since  the  glass  fibers  in  che  junction  area  betveen  the  blade  and  the 
flange  are  inevitably  subjected  to  bending  that  leads  to  a marked  decrease  in  local 
strength. 
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?roa  Che  scandpoinc  of  ~axir.ua  ucilisacion  of  glass  fiber  strength,  the  best 
counting  design  is  Che  wedge-shaped  c^rpe,  i.  e. , Che  so-called  dovetail,  in  which 
Che  blade  root  is  a natural  extension  of  the  blade  vich  a very  slight  cnange  in 
chicitr.ess.  Wedge-shaped  counting  is  reliable  in  service  and  requires  the  scall-  /13S 
esc  boss  dlxensions.  When  counted  in  this  canner,  the  blade  has  a root  in  the 
shape  of  a truncated  wedge  with  a scall  angle  at  the  apex.  A wedge-shaped  slot 
of  suitable  dinensions  is  cade  on  the  boss,  then  the  blade  Is  inserted  into  this 
slot  and  rigidly  counted.^*' 

19.  Technological  Molding  Equipment 

The  chief  type  of  technological  equipcent  used  for  caking  ship  cachine  build- 
ing articles  from  hot-pressed  epoxy  glass  plastic  are  press  colds.  Press  colds 
must  meet  stringent  requirements  for  accuracy  and  finish  of  the  shaping  surfaces, 
since  their  qual.ity  determines  the  accuracy  and  surface  finish  of  fiber  glass 
plastic  articles. 

Depending  on  the  dicensions  of  the  added  article,  both  loose  and  fixed  type 
press  colds  cay  be  anployed.  Press  colds  with  a cass  no  greater  than  25  kg  cay 
be  cade  loose,  and  as  an  exception,  loose  press  colds  of  greater  cass  (up  to  IOC 
kg)  cay  be  allowed  for  caking  experimental  specimens.  As  a rule,  fixed  press 
colds,  which  considerably  facilitate  the  colcer's  work,  are  used  for  molding 
articles  used  in  shio  machine  building. 

Structurally,  press  molds  T4ay  be  of  open  or  closed  type.  The  latter  are 
cost  convenient  to  handle  and  produce  articles  of  the  best  quality.  The  seam 
obtained  with  closed  t;rpe  molds  is  practically  insignificant  and  dees  not  affect 


Open-type  :ioldj  vith  a horizontal  solitting  plane  without  char^in^  char.ber 
are  used  for  fabricating  articles  of  cor.plex  configuration  suer:  as  ship  propeller 
blades,  turbine  impellers,  etc. 

Open- type  molds  are  easier  to  fabricate  and  their  design  is  simple  and  con- 
venient In  placing  the  parisons  of  molding  material  and  unaiolding  the  article. 

In  the  course  of  molding  in  such  molds,  a seam  that  must  be  removed  is  formed  in 
the  junction  between  the  die  and  the  torce.  In  steel  press  molds,  the  die  should 
have  a shearing  lock  for  pressure  trirening  of  the  seam. 

The  parts  of  press  molds  may  be  divided  into  two  grcuos: 

chose  participating  directly  in  the  shaping  of  the  article  (die,  force,  lin- 
ings, cores,  inserts,  rings,  pushers^ , and  those  performing  auxiliary  operations  /lc9 
in  joining  Che  pares  of  the  press  mold  and  opening,  heating  and  cooling  it,  etc. 

(force  holders,  bands,  heating  platens,  heating  elements,  upper  and  lover  platens, 
supporting  platens  guiding  the  columns  and  inserts,  mounting  parts) . 

Press  mold  ports  of  the  first  group  operate  at  high  loads  with  prolonged 
heating  at  16C-170*C.  For  this  reason,  materials  usea  for  these  press  mold 
parts  ‘lOould  be  machinable  and  have  minimum  leformacions  curing  heat  treatment 
ar.c  high  hardness,  wear  resistance,  heat  resistance  and  mechanical  strength. 


Fig.  63.  Mold  for  aii-plastic 
propeller. 


These  rs'^uirements  are  met  by  cool  and  alloy  steels.  %"nen  the  production 
•;clume  does  not  exceed  a tev  hundred  articles,  use  may  be  made  of  cneaper  and 
machinable  carbon  and  structural  alloy  steels. 


Vhen  the  production  volume  does  not  exceed  100  pieces,  aluminum  ailovs  -uch 
as  siluxir.3  may  be  usea  for  press  mold  parts  of  the  first  group.  Siiunins  (alloys 
baseu  on  the  alj?ninua-3ilicon  system)  have  the  necessary  casting  orooerties  coTibir.ed 
with  satisfactory  mechanical  properties.  Silumin  press  molds  are  1.5-1  times  less 
expensive  than  steal  ones. 


Ap.  appreciable  reduction  in  the  cost  and  labor  intensity  of  fabrication  of 
press  molds  for  ship  machine  building  articles  is  ichieved  by  using  metai-cerent 


-•  iC.n  moics  are  o 


times  cheaper  than  steel  molds,  anc  the 
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duration  or  their  fabric^cion  is  reduced  by  a factor  of  3 to  l.  They  ore 
reconmenaea  for  noldir.g  a small  numoer  of  articles  (not  more  tr.an  20  because 
of  their  low  wear  resistance). 

y.etal-cement  press  molds  (Tig.  S3)  consist  of  the  following  main  parts: 
welced  bodies  of  the  dies  and  punches  of  shaping  shells,  filler,  support  places, 
and  parts  for  unmoiding.  Of  these  parts,  those  subjected  to  the  most  wear  are 
movable  ceres,  guiding  columns  and  bushings,  ana  therefore  in  order  to  raise 
the  resistance,  they  are  subjected  to  heat  treatment  and  chronicing.  /1**0 

Press  mold  parts  of  the  second  group  are  made  of  carbon  steels  in  ail  'ases. 

In  determining  the  position  o:  an  article  in  a press  meld,  the  following 
steps  are  taken: 

(a)  one-piece  propellers  are  placed  with  the  plane  of  the  disk  perpendicular 
to  the  direction  ot  pressing,  and  with  the  suction  surface  facing  the  die; 

(b)  individual  blades  are  placed  with  the  plane  of  tne  largest  projection 
perpendicular  to  the  direction  of  pressing; 

(c)  fairings  are  placed  with  their  ax^s  in  the  direction  of  pressing. 

With  these  positions  of  the  articles  in  the  press  meld,  the  best  molding 
conditions  are  achieved,  the  possibility  of  slipping  cf  the  parisens  upon  applica- 
tion of  the  pressure  is  eliminated,  the  design  of  the  press  mold  is  simplified, 
and  its  height  dimensions  are  decreased. 

In  making  unions  of  press  mold  parts,  fixed  joints  of  the  shaping  cores  with 
the  rorce  and  die,  on  the  one  hand,  and  joints  of  guiding  columns  'with  bushincs 
are  achievec  by  means  of  cunklng  or  force  fit.  Movable  joints  cf  shiaoing  cores 
and  pushers  with  the  force  and  die  are  made  by  use  of  running  fit,  and  movable 
joints  of  guiding  columns  with  bushings  - by  use  of  running  fit 

The  quality  of  the  articles  Is  determined  to  a large  degree  by  the  finish 
of  the  shaping  surraces  of  the  press  molds,  which  should  be  1-2  classes  hicher 
than  the  required  surface  finish  of  the  articles.  Thus,  the  shaping  .-urfaces 
of  the  press  mold  die  and  force  should  have  a finish  of  at  least  class  S-10. 

The  surtaca  finish  of  articles  which  do  not  directlv  participate  in  rhe  sham- 
ing of  an  article  (lateral  surfaces  of  forces  and  dies)  and  the  finish  of  the  mat- 
ing surraces  or  the  guiding  elements  and  pacts  (guiding  columns  and  bushings) 
should  not  be  below  class  3. 


rig.  6**.  Press  mold  for  indivicuai 
blade. 

1 - electric  heater:  2 - die  in- 

sert; 3 - die  holder;  4 - shaping 
insert;  5 - force  insert;  6 - 
force  holder;  7 - pin;  3 - force; 
9 - die;  10  - heating  platen. 
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:3oldo  tar  ."nolding  ship  rraci'.ine  bwiidinij  articles  rrosj  bot-prassed 
epoxy-giass  plastics  t.usc  be  heated  to  loO-l70‘*C.  The  shapir:g  surr'a-.es  n-as: 
have  a uniforr*.  temperature  field  vith  deviations  no  greater  than  ro’C.  The  ,1^1 

appreciable  inhocoseneity  or  the  force  and  die  thicknesses  during  molding  'f 
incricace-shaoed  articles  leads  to  major  difficulties  in  providing  for  a cr.irorr!: 
temperature  field.  A more  uniform  field  can  be  obcainec  by  removing  heat  carriers 
rroa  the  snaping  surfaces  and  reducing  the  total  amount  of  heat  supplied,  dow" 
ever,  ail  these  steps  increase  the  press  mold  heating  time,  i.  e. . prolong  tne 
molding  cycle. 

In  practice,  steam  and  electric  heating  of  press  molds  are  t.he  tvo  principii 
methods  usea.  Steam  heating  is  leas  e/.penslve  ar.d  can  be  closelv  controlled. 

However,  it  can  be  used  only  by  plants  with  the  necessary  boiler  equipcent.  The 
heating  lines  through  which  the  steam  is  circulated  are  usually  made  in  ’he  heating 
platens,  and  sometimes  in  the  force  or  die  base  itself.  The  total  length  and 
number  o:  the  lines  are  determined  by  calculation  according  to  the  steam  parameters. 


The  chiaf  type  of  electric  heating  used  for  press  molds  is  ohmic  heating  with 
tubular  elements . 


In  the  construction  of  press  molds  with  a high  relative  height  (H/3  - 1-4, 
where  H is  the  height  and  D is  the  outside  diameter  cf  the  press  mold) , for  ex- 
ompie  press  molds  tar  propeller  fairings,  heating  with  tubular  elements  is  i.n- 
efficlent  and  does  not  provide  for  the  required  temperature  uniformity.  In  such 
cases,  induction  heating  with  industrial  frequency  current  is  used  for  steel  press 
molds,  the  induction  coils  are  made  in  the  form  cf  spiral  cylinders  of  ccr*-ier 
•ubing.  The  calculation  or  induction  heating  amounts  to  determining  the  power 
and  dimensions  of  the  induction  coil. 

As  an  example,  "Igs.  63-65  show  press  molds  for  ail-plastic  propellers, 
blades  and  propeller  fairings. 


Chapcer  o.  IZCHNOLOl'V  OF  F.^JiRICATlON  OF  FI5F?.  OL.\j3  FUSTIC  .^RTICTES  FOR  Shi? 

UCHI.NE  3l’IEDING 

3ht?  prcceliars,  parts  of  airfoil  fans,  pump  impellers  and  bladas  of  cor=“  ,1-1 

pressors  tiade  or  rioer  glass  plastics  have  nuch  in  connon  in  their  fabrication 
technology.  These  articles  are  usuallv  aade  with  a netal  edging  that  increases 
their  shock  resistance  and  operational  reliabilicv. 

The  process  of  rabrication  of  such  articles  fron  fiber  glass  plastics  in- 
cludes the  folLoving  operations:  cutting  of  the  molding  material  and  preparation 

of  the  edging,  placing  of  the  molding  materials  in  the  cold  and  preforming,  plac- 
ing the  edging  on  the  pretorn,  holding  at  temperature  under  pressure  and  cooling, 
ana  finally,  unmolding  followed  by  machining. 

In  the  molding  of  intricate-shaped  fiber  glass  plastic  articles,  the  opera- 
tions involving  preparation  and  placemen:  of  the  molding  material  are  of  particular 
imoortance,  since  the  correct  placement  assures  the  necessary  geometrv  and  external 
appearance  of  the  article.  This  is  cue  to  the  fact  that  i fiber  glass  plastic 
laminate  is  character iced  by  a low  tlowability  ot  the  molding  material,  so  that  its 
ability  to  be  redistributed  over  the  cavity  of  the  press  mold  under  the  Influence 
or  pressure  is  extremely  limited.  As  an  example,  the  cechnoiogv  of  fabrication 
of  all-plastic  and  composite  ship  propellers  is  discussed  in  detail  below. 

20.  Ship  Propellers 

The  shape  and  dimensions  of  composite  propeller  blades  required  by  the  drawing 
achieved  by  using  a packet  of  blanks  of  impregnated  glass  fabric,  cut  in 
accordance  with  the  craving  of  the  articles. 

Cutting  of  blanks  out  of  imprecnaced  glass  fabric  is  carried  out  according  zlij 
to  the  drawings,  which  are  made  as  follows.'’  The  cross  sections  of  the  developed 
contour  cf  the  blade  are  cut  ewrv  2-4  mm  by  planes  parallel  to  the  chord  of  the 
section.  The  contours  of  Che  templates  are  drawn  by  using  the  points  obtained, 

A graphical  version  of  a cuc-ouc  article  is  shown  in  Fig.  66. 


Fig.  66.  Dicisram  cf  templates 
for  cutting  the  molding  material 
for  a propeller  blade. 


In  preliialnary  calculacions , the  pressing  coetficieuc  ot  glass  fabrics  ir.- 
pregnaced  with  epoxy  binders  may  be  taken  as  1.25-1.35. 

The  number  of  blanks,  determined  by  calculation,  is  corirrolled  according  to 
the  mass.  Theoretical  cutting  is  refined  by  experimental  controlled  placement 
of  the  charge  of  molding  material  in  a cold  press  mold;  by  selecting  the  position  /144 
of  the  numbers  of  sections,  one  achieves  a smooth  transition  of  the  blade  into 
the  root  and  the  proper  shaping  of  the  blade  surface  and  contour.  The  charge  of 
blade  molding  material  is  also  more  accurately  determined  experimentally  on  the 
basis  of  two  to  three  experimental  moldings. 

The  material  is  usually  cut  into  blanks  manually,  using  cutters  of  L’8A  cool 
steel  (GCST  1435-64').  The  molding  material  to  be  cut  is  first  marked  with  templates. 

The  latter  are  made  of  polyvinyl  chloride  plastic  Getinaks,  aluminum,  or  other 
sheet  material.  Vhen  marking  the  material,  it  is  necessary  to  follow  strictly 
a .specified  orientaticn  scheme.  A mass-corrected  set  of  blanks  is  dismantled 
strictly  by  sections  and  stored  in  a refrigerator  at  0 r 5®C. 

The  edging  is  mace  of  stainless  brass  or  steel  sheet  (Fig.  67). 

The  final  adjustment  of  the  edging  is  made  on  a model  of  the  blade  befere 
complete  adhesion  to  the  model  is  obtained.  The  points  of  the  edging  sheet  5re 
set  so  that  the  distance  between  the?  is  not  less  than  twice  the  thickness  of 
the  blade  edge,  and  bent  at  a 90**  angle. 

The  inner  surface  of  the  edging  is  etched,  washed  with  water,  dried,  and 
coated  with  a layer  of  3F--  Sucvar-pher.ol  adhesive  (GCST  12172-66).  The 
Butvar-phenol  adhesive  increases  the  adhesive  strength  between  the  surface  cf 
the  edgings  and  the  blade  material. 
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Fig.  67.  Diagraa  of  preparation  of  edging:  a - spreading  out 

after  the  cutting  of  teeth  and  drilling  of  holes;  b - edging  after  prelis:inary 


cr  cne  eoging 


bending; 


and  bending  of  teeth. 


- edging  after  bending  to  radius  and  nodel;  d - edging  after  setting 


The  aateriai  is  placed  in  a press  mold  preheated  to  40-50*0.  A separating 
layer  is  first  applied  on  the  working  surface  of  the  force  and  die.  A K-21 
(MRTV  6-02-457-63)  organosilicon  fluldof  10^  concentration  is  most  frequently 
used  as  the  separating  layer.  Application  of  this  fluid  requires  heat  treatment 
for  2 h at  210-230*C.  The  organosilicon  separating  layer  vichscands  iO  to  20 
moldings . 

The  lower  half  of  the  stack  of  blanks  is  placed  in  the  die  in  order  of  in- 
creasing numbers,  and  the  upper  S/taaetric  half  of  the  stack  is  placed  in  reverse 
order.  During  the  placement,  ail  the  main  blanks  are  interlaid  with  additional 
blanks  of  the  root.  If  necessary,  periodic  premoidings  of  the  material  are 
performed  in  order  to  cenpaer  it  at  a specific  pressure  of  0.5 

.After  all  the  blanks  have  beer,  placed,  preforming  is  carried  out  at  the  full 
effective  molding  pressure  for  3-5  air*  at  40-60^C. 

The  shaped  preform  is  cut  along  its  contour  by  5-6  --  (depending  on  the  size 
of  the  blade),  then  the  edging  is  placed  or.  the  blade.  The  edging  is  reduced 
with  a press  for  3-5  ain  at  a specific  pressure  of  0.2-0. 3 ? The  carefullv 

placed  edging  should  be  uniformly  compressed  over  the  entire'^contcur  of  the  blade 
with  a maximum  clearance  of  3 xm,  no  marks  of  "biting"  of  the  edging  or  unbending 
of  the  teeth  being  permitted. 


/1-5 


The  press  mold  is  closed,  ana  the  molding  is  carried 
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schedule  worked  out  for  the  given  type  of  fiber  glass  p 

The  moidea  blade  is  machined.  The  machining  is  oer  formed  on: 

the  blade  edges,  in  order  to  remove  the  seams  and  provide  for  tie  radius  of 


r 


I 


1 
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During  che  assecbly  ot  the  propeller,  the  carvtact  surracss  of  the  parts  to  be  /116 
joined  are  cegrensed  and  coated  with  a thin  laver  of  K-153  e?o:<y  cortpound.  The 
blade  is  r.ounted  in  the  slots  of  tlie  hub  and  press-fitted  with  wedges.  After 
pressing,  the  ends  of  the  wedges  are  cut  off  flush  with  the  ends  of  the  hub. 

Machining  of  the  wedges  is  not  racoranendad,  since  this  cperacion  involves  a 
crumpling  of  the  root  that  nay  weaken  Che  joint  between  the  blade  and  the  hub. 

During  the  pressing  of  the  wedges,  the  blade  root  is  subjeccea  to  cccpression  and 
therefore,  the  length  of  the  cocpressed  part  of  the  wedge  is  first  calculated  to 
provide  for  the  required  tension.  The  elenents  of  fit  of  the  edges  are  caic<iiaced 
by  a special  nethod.^'  Measurenencs  of  def orroaticns  have  snovn  that  the  ccttpression 
stresses  in  the  root  during  pressing  with  wedges  reach  ICO  kgr/ca*",  which  accounts 
to  2-2';  of  Che  conpression  strength  of  the  fiber  glass  plastics  and  is  safe. 

The  assenbled  propeller  is  subjected  to  static  balancing  on  equipsenc  used 
for  balancing  rcecal  propellers. 

The  technology  or  the  xolcing  of  all-olastic  propellers  is  identical  to  that 
of  nolding  of  blades  of  conposice  propellers.  Scsne  changes  are  introduced  only 
into  the  cutting  and  placeaenC  of  the  aoldir.g  aacerial.  The  bianK.3  are  usually 
cut  tor  each  blaae  separately,  since  the  warp  of  the  glass  fabric  “use  be  exactly 
parallel  along  the  axis  of  the  blade,  and  the  blades  are  at  an  angle  in  the  pro- 
peller (rig.  bd) . The  root  part  of  each  blade  blank  ausc  end  in  a ring  foraing 
the  hub. 

The 


wr.ere  • . 
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total  nuaber  of  blanks  per  propeller  is  determined  from  the  foraula 

4.  5 

is  the  hub  length,  na; 
is  the  pressing  coefficient; 


curvature  required  oy  tne  drawing  and  for  an  edge  finish  not  below  T6; 

the  lateral  faces  of  the  root  of  a detachable  blade  for  placing  the  blade 
in  Che  sloe  o:  the  hub  by  sliding  fit  with  the  required  space. 

The  removal  of  the  seam  along  the  contour  and  the  finishir.g  of  the  edges  are 
done  with  a hand  cool  (a.etai  hack  saws,  files,  emery  paper)  or  a pneumatic  hand 
tool.  Depending  on  the  thickness  of  the  seam  and  blade  edges,  use  may  be  msde 
of  RT-2  trircrers,  ?N-1  and  ?N-5  pneumatic  hack  saws,  TsuM  and  TsDM-30  disk  saws, 
dhP-2  and  ShR-C6  pneumatic  grinders,  and  2M-I75  trimmers. 

The  lateral  faces  of  che  blade  root  are  worked  with  a cutting  tccl  used  for 
metal  working,  but  with  a special  geometry  of  che  cutting  part,  che  blade  being 
clamped  in  a special  device. 

Acceptance  of  tne  blades  is  based  on  che  results  of  their  external  inspection, 
determination  of  the  blade  mass,  pitch  and  radius,  and  a strength  check. 

The  radius  and  pitch  are  decermi.ned  by  means  of  a portable  pitch  gauge  mounted 
directly  on  che  propeller  hub.  A preliminary  check  of  che  blade  pitch  is  mace 
because  che  adopted  designs  and  method  of  bonding  the  plastic  blade  to  the  metal 
hub  make  it  possible  when  necessary  to  correct  the  blade  pitch  and  reduce  che 
difference  in  pitch  between  che  blades  by  rotating  che  root  in  the  slot  of  che  hub. 
Adjustment  of  the  proreller  pitch  is  used  within  clO%  of  the  nominal  pitch,  and 
this  has  practically  no  effect  on  che  propulsive  qualities  of  the  propeller. 


uC  is  Che  chickness  ot  one  sheec  of  lopregnaced  glass  fabric,  m. 


f 
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Fig.  68.  Templates  for  cutting 
Doiding  ciacerial  into  all-plastic 
propeller. 


The  number 


of  main  blanks  per  blade  is 
c 0 


n 


:a 


max 

At  * 


(27) 


vhere  c , is  the  thickness  of  the  blade  in  the  root  section,  mm. 
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The  number  of  additional  ring  blanks  necessary  for  shaping  the  hub  is 


n 


r 


n 

P 


n 

ma 


(3S) 


Blanks  of  molding  material  are  placed  in  a predetemined  pattern;  the  main  /147 
ones  must  adhere  closely  to  the  central  core.  Ring  blanks  are  placed  at  regular 
intervals  between  the  rr^ain  blanks.  The  upper  part  of  the  hub  is  shaped  only 
with  ring  blanks.  During  the  placement  of  the  blanks,  they  are  -additionally 
pressed  at  a specific  pressure  of  0.5  it  necessary.  Ring  blanks  are  pressed 

in  Che  upper  ^art  of  the  hub  by  means  of  special  inserts  at  a specific  pressure 
of  2-3  kgf/cm*'. 


After  molding,  the  following  parts  are  subjected  to  machining: 

blade  edges,  to  remove  the  seam  and  obtain  the  required  radius  of  curvature 
and  an  edge  finish  not  below  76; 

end  surfaces  of  the  propeller  hub, to  achieve  the  required  dimensions  along 
Che  height  of  Che  hub  and  perpendicularity  of  the  suppert  planes  to  Che  propeller 
axis ; 

splined  opening ’in  the  propeller  hub,  to  obtain  the  required  precision  of  the 
opening  for  mounting  on  the  shaft. 

All-plastic  propellers  are  controlled  with  respect  to  mass  and  geometric 
dlxensions.  The  unbalance  of  the  propellers  is  eiiminatad  by  drilling  holes  in 
the  hub  and  filling  it  with  lead. 


21.  Compressor  Blades 

Compressor  blades  of  ship  gas-turbine  installations  operate  in  a moving  un- 
steady flow  of  gases  whose  temperature  is  200-300*C.  During  their  operacicn,  the 
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coiapresiicr  blades  are  subjected  ta  the  conbir.eJ  actian  or  centriru^al  and  inertial 
forces  of  a cyclic  character.  Moreover,  the  ^as  flow  ccncains  inclusions  of 
various  solid  and  licuid  particles  which  collide  with  the  blades  at  speeds  cf 
100-300  n/sec,  causing  their  erosion  wear  and  corrosive  d^aage. 

At  the  present  tiae,  coapresscr  blades  are  aade  chiefly  out  of  stainless 
steels,  for  exaaple,  .<hl7N*2.  The  aanufacture  cf  intricate-shaped  blades  fron 
stainless  steel  is  a Laborious  process  consisting  of  20-25  operccicns- 

The  use  of  plastics  for  coc:presscr  blades  makes  it  possible  to  reduce  the 
labor  intensity  of  their  manufacture  by  a factor  of  10-15,  to  decrease  the  mass 
of  the  gas-turbine  installation  significantly,  to  raise  its  efficiency,  and  to 
eliminate  corrosive  attack  of  the  blades. 

Because  of  increised  requirements  for  the  strength  and  erosion  resiscan.ce 
of  the  material  of  compressor  blades  made  of  poi>Ticrs.  the  most  suitable  material 
are  fiber  glass  plastics  with  a special  protective  coating.  Thus,  Trolls  Rcyce  and 
Vescinghouse  Electric  make  compressor  blades  out  of  fiber  glass  plastics  con- 
taining phenolic  and  poiyiztide  binders,  which  are  characteriaed  by  high  heat 
resistance.  Research  is  being  conducted  on  the  application  of  carbcn-f illed 
plastics. 

Favorable  experience  in  the  operation  of  low-pressure  straighcener  compressor  /143 
blades  of  ship  gas-turbine  installations  operating  at  30-1CO^C  has  been  accumulated 
in  the  Soviet  Union.  These  blades  are  made  by  hot  molding  in  closed-type  press 
molds  of  oriented  fiber  glass  plastic  with  a phenol  binder  (brand  AG-IS) . Special 
antierosion  coatings,  i.  e.,  polyurethane,  metal,  and  others,  are  used  to  in- 
crease the  erosion  resistance  of  such  blades.  The  technology  cf  manufacture  cf 
compressor  blades  is  analogous  to  that  of  ship  propeller  blades. 

Extensive  use  of  plastic  materials  for  compressor  blades  is  limited  by  their 
comparatively  low  heat  and  erosion  resistance.  Most  eccnomical  at  the  present  time 
is  the  use  of  plastics  for  compressors  of  experimental  turbines,  permitting  a 
considerable  raduction  of  the  labor  intensity,  cost  and  period  of  manufacture  of 
turbines.  ^ 

22.  Vessels  for  Scoring  Gases  and  Liquids 

The  shape  of  the  vessels  for  storing  liquid  and  gaseous  products  is  most 
frequently  cylindrical  or  spherical,  or  a combination  of  these  shapes.  Most 
convenient  from  the  standpoint  of  economy  of  tne  material  and  uniform  stress 
discributiorL  is  the  spherical  shape.  The  use  of  reinforced  plastics  consider- 
aoiy  simplifies  the  technology  cf  manufacture  of  the  vessels  and  reduces  their 
mass. 

The  chief  method  of  manufacture  of  the  vessels  is  winding,  whereby  the  re- 
inforcing material  imprecnaced  with  a binder  is  wound  onto  a mancre*  under 
tension.  Tne  heat  treatment  is  carried  out  on  the  mandrel  in  a heating  chamber. 
Depending  on  the  strength  requirements  of  the  vassals,  different  combinations  ar.d 
versions  of  designs  for  placing  the  reinforcing  material  on  the  mandrel  during 
the  winding  are  used  in  specified  diracticns.  In  the  production  o:  cylindrical 
vessels  operating  under  pressure,  the  glass  fibers  are  arranged  sc  that  the 
strength  of  the  vessels  in  the  annular  direction  is  twice  as  high  as  the  strength 
in  the  longitudinal  direction. 
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The  choice  of  equiptnenc  for  che  vindir.q  is  decennined  by  che  straciure  of  the 
article  and  type  of  winding. _ The  winding  technology  ond  equipment  are  discussed 
in  uecaii  in  the  literature. 

Vessels  made  by  winding  without  the  use  of  an  inner  sealing  coating  may  be 
used  a:  effective  pressures  up  to  d-6  kgf/cm“.  At  elevated  pressure,  such  con- 
tainers fail  because  of  leaks.  To  Improve  che  gas  tightness,  coatings  of  rubber 
and  themoplastic  matarlais  are  employed. 


• 23.  Propeller  Cones 

In  modern  shipbuilding , carbon  and  stainless  steels  and  nonferrous  alloys  /149 

(bronze  and  brass)  are  che  chief  materials  used  in  the  production  of  propeller 
cones.  The  use  of  fiber  glass  plastics  makes  it  possible  to  reduce  che  cost  of 
cones  severalfold  as  a result  of  the  reduction  (by  a factor  o:  2-i>  in  the 
labor  intensity  of  manufacture  and  savings  of  scarce  metals,  and  also  to  decrease 
their  mass  by  a factor  of  3-4  in  ccraparison  with  metal  cones,  and  to 
eliminate  electrochemical  corrosion.  Positive  experience  has  now  been  accumulated 
(in  che  course  of  five-six  years)  in  che  operation  of  plastic  cones  of  fixed  and 
variaole  pitch  propellers  0.  3-2.9  a in  diameter  for  various  ty'pes  of  ships. 

In  most  cases,  plastic  cones  are  mounted  on  a standard  portion  of  a metal 
cone  without  a change  i.%  the  joint.  In  their  design,  che  basis  used  is  the 
structure  of  the  corresponding  metal  cones,  the  following  requirements  being 
considered: 

the  surfaces  parallel  to  che  direction  of  pressing  are  made  with  technologi- 
cal gradients  of  not  less  chan  2”; 

undercuts  and  surfaces  with  reversed  gradient  relative  to  the  direction  of 
Junction  are  not  allowed; 

fitting  sites  are  made  vich  a gap  of  third  grade  of  fit;  all  cunking  (inter- 
ference) :>*pe  fits  are  reinforced  with  metal,  since  flucutacions  in  the  fit  of 
che  molding  material  make  it  impossible  to  obtain  a grade  of  fit  above  three,  and 
interference  fits  are  gradually  weakened  by  the  creep  of  fiber  glass  plastics; 

stiffeners  are  provided  to  increase  che  rigidity  of  the  body  in  cones  over 
5C0  ma  in  diameter. 


.According  to  the  operating  conditions,  cones  and  their  structural  elements 
may  be  divided  Into  two  grouns:  those  designed  only  :o  function  as  a stream 

lined  structure  and  those  adaitionally  performing  t.’.e  functions  of  sealing  the 
hub  of  a variable-pitch  proceiler.  The  first  group  includes  standard  type  fixed- 
pitch  propeller  (rP?)  cones  and  variable  pitch  propeller  (V?P)  cones  with  an  in- 
sulated hydraulic  or  mechanical  blade-setting  system  (rig.  *S9).  Such  cones 
are  subjected  to  a hydrostatic  pressure  determined  by  che  depth  of  submersion  of 
the  propeller  and  to  the  action  of  the  water  thrown  by  the  propeller.  Because 
of  the  small  magnitude  of  these  loads,  cones  of  the  first  grouo  usually  are  not 
designed  cor  strangch,  and  the  main  geometric  dimensions  ire  c.hoser.  on  che  basis 
of  che  following  empirical  rslutions:  wall  thickness  c i 5 0.0125  Q;  number 


of  holding-down  bolts  z > ; diameter  of  holding-dowT.  bolts  d > 

G 


thickness  of  flange  under  holcln^-down  bolts  b > i.5d.  Here  c is  the  thickness 
of  the  cone  vail,  measured  perpendicularly  to  the  tangent  of  the  cuter  contour; 
D is  the  largest  diameter  of  t.ce  cone,  ms. 


131 


Cones  of  che  second  group  include  strucrurol  ones  used  in  cerrain  '»*??  designs 
vich  hydraulic  drives  and  performing  Che  addicional  funccion  of  sealing  the  pro- 
peller hub.  Two  practical  design  variants  of  such  cones  have  been  developed: 
one  in  which  the  body  of  the  cone  receives  the  structural  load  directly  froc  oil, 
and  one  with  an  additional  partition  (rear  vail)  isolating  the  cavities  of  the  hub 
and  cone  (Fig.  70) . 


Rear  wall 

rig.  70.  Plastic  cone  with  strength 
Fig.  69.  Plastic  cone  of  7?P.  bulkhead  of  ’.*?P. 

Cones  with  a loaded  body  are  used  only  for  propellers  up  to  1.5  m in  diameter  : 

because  of  the  danger  that  the  system  will  spring  a leak  if  the  cone  body  ^ 

is  aaaiaged.  ' 

I 

tVhen  the  cone  body  is  aacaged,  depressurization  of  the  hydraulic  system  does 
not  occur  In  structures  with  an  additional  partition  (rear  wail).  In  this  case,  the 
cone  body  is.  not  loaded,  and  is  constructed  according  to  the  empirical  formulas 
cited.  The  structural  load  is  carried  only  by  the  rear  wail,  wnich  is  made  in  a 
simple  shape  permitting  a more  complete  utilization  of  the  strength  of  the  oriented 
fiber  glass  plastic.  decrease  in  stress  concentration  is  achieved  by  maar.s  of 
a smooch  transition  from  the  spherical  part  of  the  rear  vail  to  the  flange  and  by 
using  special  shaped  washers  under  the  hoiding-dowTi  bolts#  The  rear  wall  at  Che 
site  of  the  seal  (contact  with  the  hub)  is  reinforced  with  a metal  bushing.  | 

The  thickness  of  the  rear  wail  of  Che  cone  is  determined  by  calculation  on  j; 

Che  basis  of  the  following  assumptions: 

the  cone  material  is  plane-isotropic  and  satisfies  the  continuity  condition; 

the  calculated  regime  is  quasi-stacionary , corresponding  to  the  nsariimum  load 
? with  an  action  time  t equal  to  the  operating  tine  of  the  cone  at  this  load. 

The  assumptions  used  being  taken  into  account,  the  stress  cn  the  critical  /151 

section  of  the  cone  in  the  calculated  regime  is  determined  from  a formula 
employed  in  boiler  construction  for  designing  elliptical  metal  bottoms  loaced 
with  a uniform  internal  pressure: 
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<7 


(39> 


where  p is 
0,.  is 


che  ecieccive  pressure 
rhc  ir.side  iiuxecer  of 


<§f /c3 
rhe  cone. 


cn; 


t is  che  wall  thickness,  cr; 
H is  che  cone  height,  cn. 


The  material  for  che  cones  is  chosen  as  a function  of  che  operating  condi- 
tions and  magnitude  of  che  load.  Hot-molded  epo:<y-gla3s  plastics  are  used  for 
loaded  (scruccural)  cones. 


Table  65. 

Mechanical  properties  of  epoxy-glass  plastics  as  a function  of  che  angle  between 
the  direction  of  acting  force  and  che  direction  of  glass  fabric  varp 


I .\ngle  between  directions  of  acting  force  and  * 
i glass  fabric  varp,  ® ! 


1 '-r.aracteriscic 

0 

90 

45 

30  1 

1 

1 

1 

1 

i 

U.  V i 1 o 

c 

So  'Si 

y 

Si 

cu  s 
u 

, 0 
5 1 

L 

X - 1 ? .4 

0 0 C H 

1 

0 

n 

;ir  * 

1 Strength,  kgf/mm~: 

! tensile 

! 

64.0173.0 

47.0 

62.4 

23.2I33.0 

30.3 

, 

39.0 

* compressive 

46.0156.0 

37.0 

45.0 

i9.oi:,.i 

25.0 

27 , 5 

bendli-.g 

69.0|g0.3 

55.0 

67,0 

30.6' 32.0 

3-.0 

41.3  1 

Tensile  elongation,  ” 

1.8|  Z.O 

1.3 

1.9 

5.oi  5.7 

5 0 

3.0 

Modulus  of  tension,  103 

3.0!  3.1 

2.5 

2.6 

1.3!  1.6 

1.  7 

2__; 

■ kgf/mm^ 
! 

! 

In  a parallel  arrangement  of  glass  fabric  layers,  che  fiber  glass  laminate  is 
an  orthotropic  material  with  che  highest  tensile  and  bending  strength  indices  only 
in  che  principal  directions  at  reinforcement,  i.  e. , at  0®  and  90*  angles  between 
the  direction  of  che  glass  fabric  varp  and  che  load  application  axis  (Table  •zb,. 

Under  che  Influence  of  hydrostatic  pressure,  che  cone  walls  are  in  a plane-stressed 
state,  che  principal  stresses  in  all  the  radial  directions  being  equal.  Consequent- 
ly, a fiber  glass  plastic  with  a transversally  isotropic  (piano-isotropic)  struc- 
ture should  be  used  in  che  manufacture  of  loaded  cones.  Such  a structure  is  exhibit- 
ed by  a fiber  glass  plastic  in  which  the  direction  of  che  warp  is  snifced  by  a /15I 

soecified  anale  ,i  in  each  blank  (Fig.  71).  For  manufacturing  loaded  cones,  a 
reinforcement  scheme  is  recommended  in  which  the  direction  of  the  warp  is  shifted 
by  angle  x » 30*  in  each  blank. 
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According  io  rne  existing  technology,  curing  the  piaccnenc  or  the  welding 
material  blank,  the  press  adds  are  subjected  ca  volucie  drawing  on  the  tap  force  in 
diagonal  directions  (at  a 15*  angle  to  the  glass  fabric  warp).  To  give  elasticity 
to  the  nclding  material,  the  blanks  are  heated  to  *+0>*5C®C  before  being  charged. 

.\z  10-50’C,  as  a result  of  softening  of  the  binder,  the  def ornabillty  of  the 
rtclain?  t:acerial  increases,  and  its  curing  does  not  occur. 


rig.  71.  Diacraa  of  rotation  o:  adding  aacerial  blanks  through  pitch  angle 
of  reir.f oreexent  a curing  placexent. 

The  ciagonai  directicn  of  drawing  is  determined  on  the  basis  of  experimental 
studies  or  the  deformation  of  iepregnated  glass  fabric  at  different  angles  of 
load  application  relative  to  the  glass  fabric  warp.  A diagram  of  the  defomability 
of  satin  weave  glass  fabric  in  color  coordinates  is  shown  in  Fig.  72.  In  placing 
tne  nateriai,  it  is  desirable  to  use  a blank  contour  corresponding  to  the  curve 
snown  i.n  the  diagram,  but  with  warp  and  weft  maxima,  .kfter  being  drawn  in  the 
diagonal  directions,  rwing  to  the  relative  displacement  of  the  glass  fiber  fila- 
ments, suen  a blank  assumes  Che  shape  of  the  cone  without  rupture  cf  the  glass 
fiber  ,Fig.  73),  cverlaos  of  Che  layers,  butts,  creases,  or  ridges. 

During  placement,  the  ends  of  the  blanks  are  clamped  in  a special  device 
provided  in  the  design  c:  the  press  mold  and  ensuring  additional  tension  of  tbe 
reinforcing  material. 

Tc  determine  the  dimensions  and  number  of  blanks,  the  cene  is  divided  into 
equidistant  secticr.s  every  3-10  mm.  The  n'cmber  of  blanks  in  each  section  is 
determined  from  formula  (33).  J 

TV.e  tones  are  molded  according  ro  the  schedule  adopted  fer  the  given  type  of  : 

molding  material.  J 

The  aaterial  for  fabricati.-.g  ncnloaded  cones  can  be  less  strong.  Cutoffs  of 
molding  materials  obtained  from  Che  cucti.ng  of  blanks  for  structural  parts  and 
propellers  are  used  for  this  purpose.  In  order  to  incre.  e the  flow  of  the  /153 

material  so  is  to  fill  up  the  meld  better,  the  cutoffs  ara  ground  up. 

Materials  obtained  from  molded  cutoffs  possess  adequate  strength  and  water 
resistance  and  are  no  different  in  strength  from  a moluing  material  as  popular  as 


1 JH 


AC-4V.  The  water  ibjorpcion  and  decrease 
of  noided  cutoffs  are  sonevnac  greater  tha 
are  still  within  tne  acceptable  ran-ie  :wat 
attendant  decrease  in  strength,  15-10.^). 


of  strength  in  water  for  specimens  niace 
n tor  orcenced  fiber  glass  plastics,  but 
er  absorption  after  110  days,  0.31; 


rig.  72.  rolar  diagran  of  defomation  Fig.  73.  31ank  o:  l*?regnated  glas 

or  i-pregnaced  gisss  rabric.  fabric  after  voluce  drawin?. 

1 - warp;  2 - weft. 


24.  Technical  and  Economic  Advantages  of  Fiber  Glass  Plastics 

The  chief  purpose  of  the  use  of  fiber  glass  plastics  in  lieu  of  cetsls  for 
articles  used  in  ship  r.achine  building  is  to  econotiice  scarce  rtetals,  reduce  the 
labor  .ntenoity  ot  labricjtion  and  cost  ot  the  articles,  and  .nprove  their  se*"vice 
properties. 


The  blades  of  propellers,  turbines,  cortpressors , a.nd  centrifugal  punps  have  a 
comple.'c  conriguracion,  and  their  fabrication  emst  neat  strict  precision  anc  surface 
i^nish  requirexents.  rabrication  ot  such  articles  from  xecals  requires  the  use 
of  expensive  speclalited  equipment,  large  capital  investpents  in  the  organicacior. 
ot  production  and  large  production  facilities,  and  a considerable  investment  of 
manual  labor  that  loss  not  lend  itself  very  well  to  mechanltation.  "or  example, 
accorcing  to  technical  standards,  tha  machining  of  a propeller  casting  3.0  m in 
diaireter  requires  _215  h,  including  1740  h of  manual  vork;  the  machining  of  a / 

propeller  casting  O.S  m la  diameter  requires  202  h,  including  132  h of  manual 
work.  The  mac.hin.lag  of  compressor  blades  consists  of  27  operations. 


*..e  wse  of  fciber  glass  plastics  makes  it  possible  to  dispense  with  machining 
alnost  cofspietoly  ar.d  recuce  the  fibric.icicn  ...aber  ir.tensitv  bv  3.  factor 
of  i-lO  in  the  case  .of  al.-pl.astlc  construction  and  a factor  of  3-5  in  the  case 
of  composite  construction,  and  to  reduce  Che  recuirements  fer  industrial  facilities 
and  capit.al  Ir.vest.mer.ts  bv  a factor  of  2-3.  The  mechanitation  level  is  hither, 

Che  number  of  employees  is  reduced,  and  the  need  for  special  machines  is  eliminated 


40* 


3f  nagor  national  economic 
of  all  Che  articles  are  made 


importance  is  the  economy  of  scarce  metals,  since 
from  nonferrous  alloys  .and  stainless  and  alloy 
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sieels.  It  should  also  be  cor.sidered  rhac  the  i^.ezal  utili’ar  't  * o r 

Is  verv  lev,  0.-«“0,6.  The  replaceaent  ot  one  ten  cf  Tjecai  propellers  vitrj 
plastic  ones  saves  550-bOO  kg  or  copper,  350— CO  ct  ciac  (in  the  case  o: 
brass  propellers),  iaO-200  kg  of  chrotalua,  anc  lO-iO'J  kg  of  nickel  (in  the  case 
of  stainless  steel  propellers). 

in  each  individual  case,  the  cost  reduction  depends  or.  the  batch  production, 
design,  ana  sica  of  the  article.  The  greatest  cost  reduction  (by  a factor  of  3--*) 
is  observea  in  the  production  of  all-plastic  articles  which  previously  had  been 
cade  or  stainless  steels  and  brass.  A further  reduction  of  the  cost  of  plastic 
articles  aay  be  achieved  by  reducing  the  cost  of  the  equipcent  and  initial  cccpcnents 
of  the  Tiber  glass  plastic  (glass  rsinrorcir.g  aaceriai,  epox'.*  resins  and  curing 
agents).  .Another  way  ct  cutting  costs  is  to  raise  the  level  of  atandardication 
in  design  a.nd  production. 

In  addition  to  the  economic  advantages  of  using  plastics  instead  of  cetals, 
there  are  a nueber  of  performance  advantages. 

plastic  articles  used  in  ship  machine  building  are  charactericec  by  a 
considerable  mass  reduction  due  to  the  lower  density  cf  fiber  glass  plastic.  Thus, 
fiber  glass  plastic  proc-ellers  are  three  to  four  times  lighter  than  all-steel 
propellers  and  1.5-1  times  lighter  than  cortposite  ones.  The  lower  mass  of  plastic 
propellers  aicplit.es  t.neir  assembly  on  the  ship  while  substantiallv  reoucing  the 
labor  intensity  of  the  work  involved. 

^ ..le  advinto.ee  ct  fiber  glass  plastic  propellers  also  pertains  to  the  vibra- 
tion problem,  itudies  partemed  directly  on  ships  have  shown  that  the  source  of 
increased  axial  vioracion  in  the  prepeiler-shaf t-engine  system  is  the  nonunifermity 
or  the  torque  and  axial  thrust  per  complete  revolution  of  the  propeller.  .A:<iai 
vibration  has  an  ucver.so  effect  on  the  m.ichiaery  of  the  ship,  causing  increased 
wear  -and  in  accelerated  breakdown  of  its  parts,  particularly  gtaringl  Many  ship 
build. ng  companies  (in  the  USA,  cngiand,  FRC,  etc.)  recommend  the  use  of  ore—  /I, 

pellers  ^-ith  an  increased  number  of  blades,  from  four-five  to  five-six,  as  an 
measure  acainst  axial  vtoration.  .As  the  number  cf  blades  increases, 

Che  peak  of  reso.iance  vibrations  shirts  to  higher  rotational  frequencies,  caus- 
ing a decrease  of  vj’oracicn  amplitude  in  the  nominal  operation  of  the 
machinery.  However,  increasing  the  number  of  bl.ades  inevitably  results  in  a re- 
duction of  propeller  efriciency.  Operating  e:cperience  shows  that  the  use  of 
p.ascic  propexlers  makes  it  possible  to  obtain  the  £ cue  effect  with  respect  to 
corsiona.  oscillations  and  vibrations  wic.houc  increasing  the  number  of  blades. 

Tne  use  or  plastic  propellers  also  permits  a considerable  reduction  in  t.ne 
/.bra^ion  of  the  body  and  acoustic  noise.  Vhile  ooerati'ic  at  the  raced  *neej.  a 
steel  propeller  sec  up  a vibration  up  to  93  dB  in  the  500-1000  Hz  range  in  the 
afterpeik.  When  the  propeller  was  replaced  by  a plastic  one,  the  vibration  level 
at  the  same  point.?  decreased  by  10-13  d3.  The  noise  level  cn  the  open  deck  de- 
creased by  3-/  cB  over  the  entire  frequency  range  durine  the  operation  of  the 
plastic  propeller. 

.he  decrease  in  vibration  and  torsional  oscillations  due  to  Che  use  cf 
oiascic  propellers  is  probabi*/  a re.suit  ot  their  smaller  waicht  and  consecuent 
raciction  in  the  moment  cf  g^.'rarion  and  hicher  damping  properties  of  fiber  glass 
ast.es  in  comparison  with  structural  metals.  s result,  the  enerev  of  the 
nign-rrequency  osclxlacions  arising  in  the  operating  propeller  is  "killed"  bv 
olsjtic  b.sces  to  a cons Ldershle  degree  through  conversion  into  heat  and  cissipa- 


I 

I 

I 


cion  inco  the  surrounding  nedius.  Ac  the  sarta  tine,  the  traction  of  energy 
I crausciittad  by  che  propeller  co  the  aechanisr.s  coupled  to  checi  decreases  appreciaoi”. 

! . . 

Tne  use  oi  plastic  propellers  decreases  che  d^/rjarjic  and  therr.al  loads  on  cne 
pares  of  che  engine  and  share  line  and  improves  cheir  operacing  ccndicions.  Tests 
of  fiber  glass  plastic  prcpellers  on  tcediua-sized  fishing  trawlers  and  '‘Rakeca'' 
ciocor  boacs  have  shou-n  chac  for  che  sane  power  load  on  the  engines,  a j-10*C 
average  decrease  in  che  cemperacure  of  che  gases  in  che  cylinders  is  obser/ed.  The 
reduction  (by  20-10%)  in  the  dynar-ic  and  thermal  loads  and  resonance  stresses  also 
has  a favorable  efface  in  reducing  che  wear  of  friction  pairs  and  increasing  cheir 
durability. 

In  seawater,  a metal  propeller  coupled  with  a hull  forms  a galvanic  ccucle 
(due  to  che  difference  in  materials),  causing  a strong  attack  of  che  hull. 

This  is  prevented  by  use  or  protective  shielding.  Being  a dieleccric,  fiber  glass 
plastic  does  not  fora  a galvanic  couple. 

Mecai  alloys  rrom  which  ship  propellers  are  made  have  low  corrosion  re- 
sistance. Experience  shown  that  after  6-7  monchs  of  service,  considerable 
• corrosion  docage  appears  on  carbon  steel  propellers  which  causes  an  appreciable 

reduction  in  propulsive  performance ; after  1.5-2  years,  the  propellers  break  down 
completely. 

Brass  propellers  are  also  attacked  in  water  as  a result  of  dezincing  of  che  , lio 
alloy.  Desincing  is  caused  by  electrochemical  corrosion.  The  action  of  seawater 
gives  rise  to  local  currents  based  on  a potential  difference.  The  zinc  is  "washed 
out",  and  che  surface  of  che  propellers  is  accacked,  reducing  their  propulsive 
characteristics,  in  contrast  co  metals,  fiber  glass  plastics  have  high  corrosion 
resistance,  and  therefore,  fiber  glass  plastic  propellers  undergo  practically  no 
eieccrocheoiical  corrosion  in  seawater. 

Thanks  to  che  high  corro-^ion  resistance  of  shio  propellers  made  of  fiber  glass 
plastic,  their  use  in  lieu  or  carbon  steel  propellers  on  ships  of  the  fishing  fleet 
increases  the  ser*/ice  life  of  propellers  by  a factor  of  3-u,  and  eliminates  e:c- 
penditures  due  to  additional  docking  of  the  ships  and  losses  due  to  cheir  idling 
for  che  purpose  of  replacing  damaged  propellers. 

The  speed  of  ships  with  carbon  steel  propellers  is  reduced  by  the  rouchness 
of  che  propeller  surface,  caused  by  corrosion.  Therefore,  che  use  of  fiber  glass 
plastic  propellers  makes  it  possible  to  increase  the  ship’s  speed  (by  an  average 
of  0.5  knot)  and  correspeadingiy  increase  che  fish  cacch  per  ship.  The  tocai 
savings  realized  oy  replacing  a carbon  sceel  propeller  by  a fiber  glass  plastic 
propeller  ranges  from  10  co  35»000  rubles  per  year  per  ship. 
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Chapter  7.  C/.VU-ITY  CONTRCL  OF  ::NCI::E  COMP'.NCNTS  .‘-uSD  FINISHED  FRODCCTS  M.\DE  Cf 
FIBER  CLASS  PLASTICS 

The  technology  of  “aanufacture  of  epoxy-rxass  plastic  products  :sed  in  snip 
nidchine  building  consists  of  several  operations;  preparation  of  binder  solution, 
t^echaniaed  iapregnation  of  glass  fabric,  molding  arc  assembly.  Cartful  step-bv- 
step  control  and  control  of  the  initial  materials  are  requirea  ootain  quality 
products.  The  necessity  of  strict  s-ep-by-step  control  is  also  due  to  the  fact 
that  there  are  as  yet  no  sufficiently  reliable  methods  for  detecting  defects  in 
finished  fiber  glass  plastic  products. 

25.  Cuaiity  Control  of  Initial  Components 

Quality  control  of  epo>r.^  resin.  The  main  characteristics  of  resin  are  tne 
epo.-c.’  group  concent  and  gelation  period. 

The  epo;<y  gr  content  (epoxy  number)  determines  the  curing  agent  quality 
required  for  complete  curing.  The  method  of  determination  of  the  epoxy  number 
( :OST  10537-72)  is  based  on  the  reaction  of  epoxy  groups  vith  hydrochloric  acid 
farming  the  corresponding  chlorohydrin. 

I'suaily,  resins  with  a gelation  period  of  1.0-2. 5 h are  used  cor  hot-pressed 
epoxy-glass  plastics.  The  dependence  of  physicomechanical  properties  of  epoxyphe- 
nolic  fiber  glass  plastics  cn  the  reactivity  of  epoxy  resin  is  shown  in  Table  66. 

Table  66 

Physicomechanicai  properties  of  epoxyphenolic  fiber  glass  plastics  vs  reactivity 
of  eooxv  resin 


Strength,  k.gi/mm": 
tensile 
compressive 
interlaminar  shear 
Water  absorption,  X: 

after  220  days  in  water 
after  1 h of  boiling 

Bending  strength  after  220  days  in 
water 


Remarks.  1.  Bakelice  lacquer  vlch  a polymerisation  race  of  35  sec  was 
used  in  the  preparation  of  the  binuer. 

2.  Numericor  indicates  absolute  values  of  strength  in  kif/mn**,  and  de- 
nominator indicates  percentages  of  initial  values. 
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Quality  cor>trol  of  . TriethanclasUne  titanace  and  rasol-r.vpe 

pnanoi-corr^alcdhyce  resin  t.bakelite  lacquer;  are  the  curing  agents  sost  cotr:;or.-.y 
used  :or  hoc-curing  fiber  glass  plastics. 

. nethanolanir.e  ticanace  is  a chick  transparent  liquid  vith  a brour.  to  grav- 
ish  orown  color,  the  r.ain  controllable  indices  are  the  citaniuia  content  (in  cerr. 
of  titaniua  dioxice)  and  relative  viscosity.  The  titaniua  dioxide  contant  is 
decertiined  by  oxidicing  a weighed  amount  of  triethanolaniine  ticaaate  with  nitric 
then  calcining  in  a rcurrle  furnace  for  Z h ac  600— 700*C  until  the  organic 
^CCer  is  completely  driven  off.  After  calcination,  the  residue  consists  of 
titanium  dioxice.  Tne  amount  of  titanium  dioxide  should  range  rroa  20  to  22^. 

The  relative  viscosity  is  determined  with  a standard  falling-sphere  viscomec 
The  relative  viscosity  used  is  the  tine  required  by  a steel  sphere  7.83-7.97  rur. 
in  diameter  ana  a mass  or  2.046-2.054  g to  travel  a distance  of  100  rmn  between 
two  marks  on  a glass  cylinder  lS-19  cm  long  and  21-22  ma  in  diameter,  filled  vith 
triet.hanoiamine  titanate.  The  test  is  carried  out  at  50'C.  The  relative  viscosi 
must  not  exceed  60  sec. 

.he  main  veririable  indices  of  bakelice  lacquer  are  the  pclvmerizacicn  rate 
and  dry  residue. 

The  ?ol>Tieri2acion  rate  is  determined  o.n  a pol;/meri23.tion  plate  heated  to 
155  r 5’C  (GCST  901-71).  The  pol\’meri2acion  race  used  is  the  time  elapsed  from 
the  instant  when  the  resin  was  applied  on  the  plate  until  the  formation  of  break- 
ing threads.  The  use  of  oakelita  lacquer  with  a poi'merization  race  of  30-115  se 
is  recommended  for  t.ie  preparation  of  apoxyphennlio  fiber  glass  plastics.  A re- 
duction or  the  polvnaerization  race  to  50-60  sec  indicates  partial  polyconcer.sati 
of  Che  rescl  resin,  due  to  a decrease  of  its  reactivity.  The  use  of  bakelitc- 
lacquer  or  reduced  reactivity  leads  to  incomplete  curing  and  a decline  in  the 
physicomechanical  properties  of  the  fiber  glass  plastic  (Table  67). 

Table  67 

Physicomechanical  properties  of  epcxyphenolic  fiber  glass  pigsties  vs  reactivity 
of  bakelice  lacquer 


1 Proper:;/ 

Ppi;/meri2acion  race  of 
bakelite  lacquer,  sec 

1 

30-lUt3 

I 

50-60 

' ■> 

' Screngsh,  kgf/am“: 

tensile 

64.0 

52.- 

compressive 

69.0 

57.5 

bending 

i3.2 

30.: 

Water  absorption  after  220  davs  in  water,  2 

0.30 

0.33  ' 

( 

Bending  strength  after  220  days  in  water 

55.3 

33.4 

30 

53  1 

Remarks.  1.  Epojc/  resin  vith  a gelation  period  of  2 h was  used  in  the 
praparacion  of  the  binder. 

^ 2.  Numerator  indicates  absolute  values  of  strength  in  kgf/Tjn~;  denominator' 

indicates  percentages  of  initial  values.  , 


The  dry  residue  cr  lacquer  concencracion  is  obcairtcd  by  drying  a weighed 
I axour.:  of  lacquer  to  cor.staac  xass  in  a themoscac  at  ICO  a 5’C.  The  lacquer 

concentraticn  increases  in  prolonged  storage  because  of  voiatilicaticr*  of  the 
alcohol  solvent,  and  therefore,  if  this  characteristic  is  not  controlled,  the 
proportions  of  the  components  are  upset. 

Quality  control  of  glass  fabrics.  Glass  fabrics  are  checked  by  means  of 
the  inaices  of  breaking  strength,  moisture  content,  and  siting  agent  content. 

The  breaking  strength  of  a fabric  is  determined  by  testing  specimens  r.easur- 
. ing  100  :<  25  mn  on  a tensile  tester.  Fabrics  of  reduced  strength  are  not  acceot- 

I able  for  Che  fabrication  of  products  used  in  ship  machine  building. 

■ The  moisture  content  of  a glass  fabric  is  determined  frcm  the  mass  loss  of 

j the  specimen  after  the  latter  is  dried  to  constant  mass  in  a thermostat  at 

I 11G*C.  Prior  to  Impregnacica,  a fabric  with  a high  moisture  content  must  be 

cried. 

I The  moisture  concert  of  a glass  fabric  may  also  be  determined  by  means  of  /160 

a special  instrument,  the  IVS-4  fiber  glass  plastic  moisture  meter  designed  by 
L.  L.  Novitskiy.”'^  This  instrument  operates  on  the  principle  of  coulonometric 
determination  of  the  moisture  concent  of  a predrled  gas  wnich  is  passed  through 
a chamber  containing  the  glass  fabric  specimen  to  be  checked,  where  the  latter 
is  moistened. 

The  siting  agent  concent  of  the  glass  fabric  is  determined  by  calcinini;  a 
weighed  amount  in  a muffle  furnace  at  ^i00-600*C. 

; 26.  Quality  Control  jf  Impregnating  Lacquer  and  Impregnated  Glass  Fabric 

I In  the  preparation  of  impregnating  lacquer,  the  concentration,  polymeriza- 

, cion  race  and  density  are  controlled,  whereas  in  the  preparation  of  epo:c.7ihenolic 

lacouer,  the  ratio  of  the  main  components  (epoxy  and  phanciic  resins)  is  concrcxled. 

The  lacquer  concentration  determines  the  deposition  of  resin  on  the  fabric 
during  impregnation,  and  nonce,  Che  resin  concent  of  the  article.  The  density  of 
epoxy  lacouera  is  obtained  by  means  of  a type  Ilia  glass  densimeter  (GOST  13C0- 
t 5/':. 

I 

The  proportion  of  the  components  is  checked  by  means  of  the  number  of  epoxy 
groups  in  the  epoxypnenolic  lacquer  (epoxy  resin  content)  by  titrating  a weighec 
[ amount  of  lacquer  (0. 7-0.3  g)  with  a solution  of  hydrochloric  acid  in  acetone. 

; A 70  t epoxy  resin  content  of  the  lacquer  is  allowed. 

[ The  pol;naeri2ation  race  of  impregnating  lacquer  is  determined  by  means  of 

the  procedure  described  above  for  bakeiite  lacquer.  Usually,  the  pol^miericacicn 
rate  for  epoxyphenolic  lacquer  is  100-150  sec.  This  index  permits  a correct 
detemlnation  of  the  molding  conditions  of  the  articles. 

The  principal  indices  of  impregnating  lacquers  providing  for  the  required 
quality  cf  I.mpregnaced  glass  fabrics  are  given  in  Table  63. 

The  quality  of  the  impregnated  glass  fabric  is  checked  by  means  of  the 
chemical  compositl  ?n  strength  of  specimens  r.oiced  frcm  it.  The  chemical 
ccmposition  indices  e.ra  the  content  of  volatiles,  resin,  and  its  soluble  part 
(Tab..e  69)  . 
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The  resin  content  C Is  deterained  bv  igniting  a veighed  sanple  of  adding 
res 

aaterial  to  constant  aass  in  a auffle  furnace.  The  calculation  is  aade  by  aeans 
of  the  formula 


C„  =-2^-100-C  -c , 


(iO) 


vhere  is  the  content  of  volatiles, 

is  the  content  of  sizing  agent. 


a,  b is  Che  aass  of  Che  sanple  before  and  after  ignition,  g. 


Table  68 

Properties  of  impregnating  lacquers 
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Curing  Agent 

j 

Prooerty 

Triethanolamine  Tltanace 

Phenol-  ^ 

f ormalcehyla 
resin 

EE- 13  { 

ETsD-12 

UP-63 

ED-13  j 

Content  of  drv  residue,  * 

52  r 2 1 

52-2 

3 “ 2 

50  : 2 ! 

Polyaerization  rate  of 
lacquer  at  160  i 2^C,  aln 

12-13  I 

8-9 

5-6 

1. 7-2.5  1 

1 

Viscosity  of  lacquer  accord- 
ing to  VZ-4  viscometer  at  20®C, 
sec 

12-14 

12-14 

12-14 

12-14  ] 

Density  according  to 
densimeter  at  20*C,  g/ca-^ 

0.94-0.98; 

0.95-0. 93 

0.95-0.98 

0.94-0.96 

Color  and  appearance 

Transparent  solution,  yellow  to  light  j 
brown,  containing  no  foreign  inclusions  or  ; 
undissolved  resin  particles  1 

Table  69 

Properties  of  lnpre«^naced  glass  fabrics 


Curing  .•'.gene 

1 

Property  | 

1 

1 

1 

Triethanolamine  Titanate  i 

1 ! 

ZD-13  : 
phenol-  ^ 
formaide* 
hyde  i 
resin  1 

t 

1 

t 

ED-13 

ETsD-13  ' 

UP-63  ] 

1 E:<hD  ; 

1 

■ Binder  content.  % 

Concent  of  volatiles,  % 
Content  of  soluble  part  of 
I binder,  T,  not  less  than 

^30  : 3 i 
|0.4=0.2 
90 

1 30  r 3 ! 

10.4i0.2  ' 
' 90  i 

30  r 3 
0.4r0.2 
9C 

30  i 3 ^ 

0.4;0.2 
90  1 

1 

30  r 3 . 

1.2C0.2 

t 07 

I ' ' 

When  the  ir.pregnation  conditions  or  storage  conditions  of  the  ir.pregnaced 
:naceriai  are  disrupted,  a partial  curing  of  the  resin  cakes  place.  This  process 
Is  checked  by  deterrtining  the  acounc  of  resin  capable  or  dissolving  (soluble  part 
of  the  resin).  The  specit^en  of  irtpregnaced  glass  fabric  (100  x 100  sa)  is  placed 
for  15  air.  in  acetone.  The  soluble  part  of  the  resi.n  is 


g — ^ 
C a 
100 


ICO. 


(-1) 


where  0 , is  Che  content  of  soluble  part  of  Che  resin,  Z; 

soi 

a,  b is  the  aass  of  the  weighed  saaple  before  and  after  dissolution,  g. 
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Molding  saterial  with  a 100%  content  of  Che  soluble  part  ensures  the  flow- 
ability  necessary  for  obtaining  quality  articles  of  intricate  shape.  For  articles 
of  sitiple  shape,  aateriai  o:  somewhat  reduced  flowability  with  an  80-90%  content 
o : Che  soluble  part  r.ay  be  employed. 


Completeness  of  removal  of  Che  solvent  from  izipregnated  glass  fabric  is 
checked  by  means  of  the  content  of  volatiles,  which  are  determined  by  crying  a 
weighed  sample  of  the  material  in  a thermostat  at  105  :5®C  for  30  min.  Fxcess 
solvent  (above  1-1%)  causes  an  increase  in  the  porosity  of  the  fiber  glass  plastic 
and  hence,  a decline  in  the  quality  of  the  articles. 


The  principal  controllable  characteristics  of  the  mechanical  properties  of 
specimens  moicfed  from  impregnated  glass  fabric  ere  C.he  zensile^  cocpressi'/e ^ 
bending  and  interlaminar  shear  strengths.  Their  determination  is  m.^ae  accord- 
ing to  suitable  standards  on  specimens  cut  out  of  molded  plates. 


2*.  Quality  Control  of  Fiber  Class  Plastic  Articles 

Fiber  glass  plastic  articles  may  contain  isolated  defects  due  to  the  exist- 
ing level  of  manufacturing  technology  of  the  materials  and  their  processing 
into  articles.  The  most  common  defects  in  hot-molded  fiber  glass  plastic  articles 
and  their  causes  are  listed  in  Table  70. 

The  principal  methods  of  quality  control  of  fiber  glass  plastic  articles  are: 

visual  control; 

control  of  internal  structure; 

control  of  strength  by  random  destructive  testing  of- one  or  more  articles  in 
a batch.  ” 

Visual  control  is  Che  simplest  and  permits  a preliminary  rejection  of  articles. 
This  method  is  based  on  the  fact  tr.at  the  appearance  of  the  article  indirectly  re- 
flects its  quality.  For  example,  the  presence  of  different  shades  on  the  surface 
of  the  art.cles  may  serve  as  an  indication  of  reduced  strength  owing  to  the  fact 
chat  no  uniform  temperature  field  has  been  provided  for.  The  presence  of  creases, 
resinous  areas,  or  local  bleached  areas  indicates  an  inappropriate  choice  of 
pressure  and  departure  from  cutting  patterns. 

It  should  be  noted,  however,  that  the  relaticnshio  between  the  state  of  the 
surface  of  an  article  and  its  quality  is  not  clear-cut  since  tne  atpearance  ct  the 
article  nay  be  affected  by  many  secondary  factors  such  xs  t.ne  color  :f  the  fabric 
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and  resin,  che  quality  of  the  lubricant,  etc.  Another  di sadvanta^c  or  the  visual  ,163 
nethod  is  its  subjective  nature,  and  It  is  therefore  used  only  as  an  additional 
rtethod  in  conjunction  with  others. 


Table  70 

Defects  in  fiber  glass  plastic  articles 


j Defect 

Possible  Causes  ‘ 

, Pits,  cracks  and  delamina- 

Imorooer  charge;  falling  between  layers  of 

1 tions  inside  the  article 

material  during  molding  of  oily  substances 

! Blisters  on  the  surface 

High  content  of  volatiles,  disruption  of 
technological  molding  conditions  (unmolding  of  ' 
article  wnthouc  cooling) 

' formation  of  creases  on  the. 

Inaccurate  cutting  of  molding  material 

i surface  of  article 
1 

blarucs,  displacement  of  blanks  curing  closing 
of  press  molds;  local  deficiency  or  excess  of  ^ 
molding  material  | 

1 Incomplete  molding  of  edges 

' 

Inaccurate  cutting  of  molding  material 
blanks  ' 

! 

1 Local  or  overall  whitening 

' of  surface 

1 

Molding  pressure  above  permissible  ran^e  i 

1 Visible  disruptions  in 

1 

; 

I fabric  texture 

i 

j 

i Change  in  color  of  article 

Disruption  of  temperature  conditions  of 

as  compared  to  standard 

□oiding  ; 

specimen 

1 

Of  the  second  group  of  methods  for  checking  internal  structure,  tht  most 
ccmmon  is  ultrasonic  flaw  detection.  It  essentiallv  oons..3ts  in  the  fact  that 
during  tnelr  passage  through  a body,  ultrasonic  vaves  tend  to  change  their  velocity 
and  direction  of  propagiticn  when  traversinc»  the  interface  between  media  of  differ- 
ent aensity  and  elasticity,  and  to  be  differently  absorbed  by  media  of  different 
density.  Ultrasound  can  be  used  to  determine  the  density  of  a material,  foreign 
inclusions,  delaninaclons , cavities,  etc. 

On  the  basis  of  the  physical  principles  underlying  the  control  methods  and 
equipment,  one  can  distinguish  the  pulse-echo,  shadow,  impedance,  pulse  and  other 
methods. * ' 

The  pulse-echo  method  Is  based  on  the  detection  of  defects  by  means  o:  ultra- 
sonic pulses  reflected  from  the  defects.  The  DUK-12  ultrasonic  pulse-echo  flaw 
detector  is  best  suited  to  the  control  of  articles  made  of  fiber  glass  plastics. 
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The  Ir.scrusen:  is  foe  r.hc:  concrol  of  fiber  ^loss  plJi>ric  articles 

up  CO  -'0  *=a  chick  and  dececca  flaws  with  an  area  of  TO  rrj-  or  larger.  The 
accuracy  of  cecenainacion  of  che  depch  of  occurrence  is  3-5.4,  a disadvantage  of 
Che  inscrunanc  ts  the  face  chat  ic  can  only  be  used  to  aporcxircace  the  area  o: 
chc  deface,  r.ie  inscrumenc  is  simple  anu  convonienc  co  operate. 

The  shacow  nethod  is  based  on  the  detection  of  the  shadow  effect  iue  to 
a flaw.  Thera  are  savera.1  versions  of  this  method,  involving  differences  in  the 
electronic  part  or  in  Che  design  of  the  scanning  part.  The  shadow  method  is  used  /lb-+ 
in  the  OUK-17  ultrasonic  flaw  detector,  designed  for  semiautoci.iC ic  control  c: 
plastic  propellers  and  other  articles  made  of  fiber  glass  plastics.  Shadow  flaw 
detectors  do  r.oc  permit  the  determination  of  the  depth  of  the  flaw;  this  is  a 
disadvantage,  and  therefore  when  this  depth  is  to  be  measured,  it  is  also 
necessary  to  use  tha  DUK-12  pulse-echo  flaw  detector.  A drawback  of  the 
inscr’itient  is  its  cumbersemeness . An  advantage  is  its  siinplicity  and  convenience 
of  electronic  adjustment,  presence  of  aucomacic  features,  and  the  ability  to  ob- 
tain a very/  clear  flaw  detection  diagram  that  is  an  objective  document  of  cen- 
trol. 


The  impecance  acoustic  method  is  the  basis  of  the  and  DI‘<-1  flaw  de- 

tectors. Particularly  effective  is  the  method  used  for  checking  bonded  and 
laminar  structures  with  a maximum  thickness  of  5-3  mn  for  detecting  delaainacions. 
In  plastic  shipuildir.g,  the/  are  successfully  used,  for  the  control  of  molding  and 
thin-wailed  structures.  .Advantages  of  tne  method  are  the  simplicity  of  the  equip- 
ment, its  portability,  and  the  absence  of  an  imners-on  medium.  Equipment  based 
on  the  impedance  method  complements  the  pulse-echo  methed,  in  which  there  is  2 
"dead’'  cone  of  1-5  mm;  this  zone  is  checked  with  impedance  instruments. 

The  free  0 5 c i 1 1 at  i 0 n method  (UI>I?-2  and  LVS-1  flaw  detectors)  is  based 
on  the  study  of  the  spectrum  of  free  oscillations  of  the  structural  portion  being 
checked.  Each  structural  element  has  its  characteristic  portion  of  the  spectrum. 
Having  selected  a portion  of  the  spectrum  on  a quality  portion  of  the  material, 
one  can  ecsil/  dotect  a marked  change  in  amplitude  on  the  indicator  when  the 
gauges  are  sour.cec  on  the  portion  of  material  with  dcLaminations . The  instru- 
ments should  be  us/»d  for  checking  articles  from  2 to  15  m tnick  with  a surface 
finish  not  below  74. 

All  the  above-described  methods  of  r.ondestrvctlve  control  raKe  it  possible  to 
find  certain  flaws  of  an  article,  but  do  not  give  any  idea  of  its  strength. 

For  this  reason,  the  industry  also  uses  the  pulse  method  for  checking  the  physico- 
mechanical  properties  of  the  material  of  an  article  (the  UKS-1,  i’KB-lm,  TUX-lb 
and  U2XS-7  instruments).  Vhe  method  consists  in  measuring  the  time  taken  by  an 
ultrasonic  pulse  to  cover  a known  distance  (base)  in  the  material  and  the  pulse 
attenuation  time,  and  calculating  the  pulse  propagation  velocity.  The  elastic  and 
strength  characteristics  and  the  porosity  of  the  material  of  the  article  are  calcu- 
lated from  the  propagation  velocity  and  attenuation  race. 

The  UKS-1  instrument  is  transistorized,  and  the  UX3-lm  a.nd  DUX-20  instruments 
have  electron  tuoes;  the  instruments  make  it  pc.ssible  to  perform  measurements  of 
ultrasound  velocity  over  a vide  frequency  range,  from  5 to  300  kHz,  with  base  di- 
mensions from  ;0  co  :G0  mm.  A common  disadvantage  of  these  ins trumer.es  is  the 
lick  of  gauges  for  exciting  transverse  waves  in  the  material. 
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The  U2I3-7  Inscru^enc  is  characterised  by  the  fact  that  it  is  designed  for 
laboracor;/  t;easureaencs  of  longitudinal  and  transverse  ultrasound  velocities 
at  frequencies  of  1.67-5  Miiz  on  small  specimens  measuring  5-50  mm.  The  pre- 
cision of  this  instrument  is  higher  than  that  of  L-KS-1,  UK2-la  and  3UK-2G  in- 
struments . 

To  deceralne  the  porosity  and  nechanical  properties  of  the  material  of  the 
articles,  in  addition  to  the  propagation  velocities  of  ultrasonic  waves  in  fiber 
glass  plastic,  it  is  necessary  to  know  the  binder  concent  of  the  article.  This 
parameter  may  be  decamined  with  the  aid  of  the  IKS  instrument. 

Control  of  blade  nualitv* • includes: 

visual  inspection; 

determination  of  mass; 

detection  of  deiaminacions  and  air  inclusions; 

determination  of  elastic  and  strength  characteristics  and  density  of  the 
blade  material; 

determination  of  binder  content; 

calculation  of  the  porosity  of  the  material; 

tests  for  strength  to  fracture, 

E:<ternal  inspection  of  blades  Involves  checking  for  Che  presence  of  visible 
crease  defects,  swellings  and  local  squeezing  cut  of  binder,  incomplete  molding, 
and  "biting”  of  the  edging. 

The  mass  of  each  blade  is  checked,  after  removing  the  seam,  by  weighing  on  a 
technical  balance  with  a larvimum  error  of 

Delaminacions  and  air  inclusiv-ns  are  detected  with  a Dl'K-I7  ultrasonic  flaw 
detector. 

In  determining  the  elastic  and  strength  characteristics  and  density  cf  a 
material  by  the  ultrasonic  method,  the  propagation  velocity  of  longitudinal  waves 
is  measured  from  the  direction  of  tne  driving  surface  of  the  blade  in  three  direc- 
tions along  the  warp,  weft  and  at  a 15®  angle  in  the  plai'.e  of  the  fabric  sheet. 
Piezoelectric  transducers  with  a frequency  of  80  kHz  are  used  for  the  measurement. 

Fracture  tests  of  blades  aimed  at  determining  their  load-carrying  capacity 
are  performed  by  bending  throuzh  an  angle;  this  method  most  closely  approximates 
the  ser/ice  conditions  and  corresoonds  to  the  ccmmonly  et.ployed  Taylor  calculation 
scheme.  During  the  tests,  the  trme  of  the  start  of  blade  fracture  (indicated  by 
the  first  audible  crack),  the  time  of  blade  fracture  (indicated  by  the  ma.ximum 
reading  of  the  dynamometer  of  the  tester)  and  the  deflection  at  the  end  of  the 
blade  (from  zero  load  to  complete  fracture  of  the  blade)  are  recorded. 

The  test  results  are  used  to  calculate  the  stresses  and  plot  graphs  of 
stresses  and  deflection  at  the  end  of  the  blade  as  functions  of  the  load,  and 
the  reser;e  factor  is  calculated. 


Cha?:-:jr  3.  T;iERM0?L.\3TS  I'SEO  IN  SHI?  M\CHI!;£  SL’ILOING 
13.  ?olyar.iies 

PoiyanidcS  ars  hi:^h-'nolecular  linear  compounds  vhose  macromoiacules  consisz 
o:  flexible  methylene  chains  and  polar  amide  groups  -C-N’H-  regularly  arranged 

0 

along  the  chains.  The  presence  of  amide  groups  capable  of  forming  hydrogen  bonds 
between  neighboring  macromolecuies  determines  the  physicomachanical  properties 
common  to  ail  polyamides . 

Depending  on  the  location  of  the  amide  groups,  polya.mides  exhibit  different 
crystailicing  capacities.  As  the  degree  of  crystallinity  increases,  so  do  the 
stvength,  hardness  ind  wear  resistance  of  the  articles,  and  their  def crmability 
decreases.  With  increasing  number  of  amide  groups  in  the  macromolecuie , the 
melting  point  rises  and  the  hardness  and  rigidity  of  the  polymer  increase. 

In  external  appearance,  these  are  solid  products  ranging  from  white  to  light 
yellow  in  color.  They  exhibit  appreciable  mechanical  strength,  particularly  in 
the  oriented  state,  high  wear  resistance  properties,  a low  coefficient  of  friction 
a hig.i  damping  capacity,  resistance  to  impact  loads,  and  elasticity. 

The  starting  material  for  polyamides  are  amino  acids  or  their  lactams,  di- 
amines and  dicarboxylic  acids. 

Cepencing  on  the  raw  material  employ<5d,  polyamides  are  divided  into  aliphatic 
and  aromatic  ones.  Thus  far,  aliphatic  polya.miies  have  been  used  most  extensive- 
ly in  industry.  In  the  1960's,  in  order  to  increase  the  beat  resistance,  aromatic 
polyamides  were  synthesised.  Among  aliphatic  polyamides,  those  of  brands  6,  66, 
bS  and  12  are  being  produced  in  the  USSR  on  an  iuduscriai  scale. 

A numoer  system  is  widely  used  for  designating  the  chemical  composition  of 
polyamides,  .A  polyamide  obtained  from  an  ixino  acid  is  denoted  by  a single  number 
corresponding  to  the  number  of  carbon  atoms  In  the  initial  amino  acid  (for  exa.’nple 
polyamide  li  is  a polymer  of  aminoundecanolc  acid) . 

A combination  of  two  numbe-s  indicates  that  Che  polyamide  was  obtained  from 
a diicine  and  a di.‘.arbo:o,'lic  acid.  Separate  numbers  indicate  the  content  of  carbe 
atoms  in  tlie  chains  of  the  diamine  and  dicarbox>*lic  acid  (.for  example,  poly:»mice 
66  is  a polvmer  based  on  hexamechylenedifimine  NH^ (CH.,)  and  adipic  acid 
HOCC(CH.,),cbcHj  . * - - 6 - 

Polyaniide  6 is  produced  in  the  largest  volume  in  the  USSR;  its  raw  material 
is  ‘-caprolactam.  In  practice,  hydrolytic  and  anionic  pol;/meri.-:acicn  of  <:-capro- 
lactim  Is  employed.  In  the  first  case,  the  catalyst  is  t-aminocaprolc  acid, 
formed  by  rhe  ityirolysis  of  a lactam,  or  AG  salt  - Che  reaction  nrrduct 
of  «?quimolar  amounts  of  adipic  acid  and  hexamechylenedi.imine  The  polymer  obtained 
is  called  capron  and  is  processed  by  pressure  casting  or  extrusion. 

Anionic  polymerization  involves  the  use  of  a cataivcic  system  :onstsclnt  of 
:-caprolact.im  sodium  salt  and  cocacalysts  (N-acetylcaprolactam  or  toluylere  iiiso- 
cyarate).  The  anionic  polv-merication  reaction  goes  to  completion  in  1.5  n.  The 


Polyazlidiss  and  63  aro  obtained  froci  dio-Tsir.es  and  aicarboxyiic  acids.  Their 
synthesis  takes  place  in  cvo  steps: 

(a)  preparation  of  .VC  salts  frora  hexane thyienediar.ins  and  adipic  acid  (poly- 
anide  66)  and  SG  salts  fron  hexanethyienedianine  and  sebacic  acid  (polya.nide  63); 

(b)  polycondensation  of  the  salts  obtained  at  270-230^C. 

Polyaaide  12  vas  synthesized  by  hydrolytic  pol>'neriraticn  of  -i-dodelacton. 

Tvo  brands  of  polyamide  12  are  produced  in  the  Soviet  Union:  cast  brand  121-  and 

extrusion  brand  12E.  In  its  properties,  polyanide  12  is  analogous  to  the  French 
poiyaziide  11  (riisan)  and  differs  favorably  frcn  ether  polyamides  in  its  higher 
moisture  resistance. 


The  principal  physicocechanical  and  dielectric  properties  of  polyanides  of 
the  enuaerated  brands  are  given  in  Table  71.  As  is  evident  from  the  table,  ail 
the  polyaaides  have  similar  mechanical  properties  in  the  initial  state.  The 
highest  impact  strength  and  elongation  are  exhibited  by  polyamide  6,  All  poly-  /163 

amides  are  characterized  by  so-called  cold  flow  or  creep.  Under  identical  test- 
ing conditions,  polyamide  6 has  the  greatest  creep. 

Table  71 

Physiccmechanicai  properties  of  polyamides 


Polyamide 


rropertv 

6 

11 

66 

1 

66 

Density,  g/cm*^ 

1.14 

1.04 

1.14 

1.02 

1. 10-1. 11 

Strength,  kgf/ma*h 
* tensile 

7.0 

7.0 

10.0 

7.0 

5.0 

CO uoressive 

- 

- 

10.0 

6.5 

12.0 

[ bending 

9.0 

10.0 

11.0 

6.0 

9.0 

Modulus  of  elasticity,  10“ 

1-2 

3 

16 

16 

100 

kgf/m“ 

Ir.oact  strength,  kgf  m/cn“ 

1.3 

1.  ^ 

1.0 

1.2 

t Elongation,  1 

350 

3C0 

100 

250 

100 

j Brinell  hardness,  kgf/tmj^ 

5 

5 

10 

- 

-5 

j Heat  resistance,  ‘’C: 

{ Martens 

55 

55 

65 

45 

60 

1 Wick 

160 

160 

230 

140 

195 

Brittle  temperature,  ‘’C 

-25 

-55 

-25 

Equilibrium  water  absorption,  T 

8-12 

0.5-1. 5 

7-3 

X • 

3 . 2 

Thermal  conductivitv  coefficient. 

0.25 

- 

0.23 

0.25 

- 

W/(m  K) 

' Specific  heat  capacity. 

2. 1 

2.3 

2.0 

2.5 

_ 

; kj/(kg  K) 

' Volume  resistivitv,  Chm  cm 

10-“ 

lO-  * 

lO-'* 

10- 

3 . 10^- 

i Dielectric  constant  at  10'*  Hz 

4.2 

3.7 

4.0 

3.  5 

4 . 3 

Dielectric  loss  tangent  it 

0.03 

0.03 

0.02 

o.o: 

0.025 

10’  Hz 


3reakac'wn  voltage,  kV/m 


25 


16 


30 


CJC2  show  choc  che  greatest  increase  in  cefomacicn  calces  pioce 
in  the  first  few  tens  or  hours  of  testing,  che  subsequent  increase  in  de:or?:aticn 
being  slight.  Ac  stresses  close  to  che  proportionality  linit,  lOC-hr  ceforrr.ations 
increase  considerably,  but  do  not  reach  Che  iiaicing  value.  AC  lex/  scresses,  che 
100-hr  deiomations  are  close  to  Uniting  ones.  For  example,  for  polyamide  6 at 
scresses  up  to  90  kgf/mm^,  deformations  after  110  h amount  to  99.9*i  of  limiting 
ones . 

At  scresses  greater  than  che  proportionality  limit,  there  is  observed  a 
qualicacive  jump  in  che  behavior  of  the  material,  leading  co  a pronounced  flew  of 
che  material  followed  by  fracture. 

In  che  design  of  articles  made  of  polyamides,  creep  being  taken  inco  considera- 
tion, Che  allowed  scresses  muse  not  exceed  0.1  of  che  tensile  strength  at  normal 
cemperature.  The  yield  poinc  of  polya.aides  depends  subscancially  on  che  working 
temperacure.  For  example,  Che  yield  point  of  polyamide  63  in  che  temperature 
range  from  10  Co  110*C  drops  from.  4.00  co  1.50  kgf/nm*-. 

The  long-time  and  fatigue  strengths  of  polyamides  are  determined  to  a consider- 
able extent  by  the  loading  conditions,  this  being  related  to  the  phenomena  of 
self-heating,  which  are  characteristic  primarily  of  alternating  loads.  Interrup- 
tions In  Che  course  of  fatigue  testing  substantially  affect  the  fracture  tine 
of  the  specimens  and  sharply  increase  their  fatigue  limit.  The  regularity  cf 
this  increase  makes  it  possible  co  conclude  that  during  che  interruption,  the 
ability  of  che  material  co  resist  leads  is  partially  recovered.  The  strength  may 
be  recovered  completely,  and  in  some  cases  even  in  excess  oz  the  i.nitial  value. 

•A  valuable  quality  of  polyamides  is  their  exceptionally  high  damping  capacity, 
which  considerably  surpasses  chat  of  steel  and  even  rubber.  The  logarithmic 
damping  decrement  for  U3  steel  is  0.22,  for  vacuum  rubber  0.14,  and  for  polyamides 
0.33.  Particularly  advantageous  in  the  use  of  polyamides  as  a material  for  bear- 
ings is  the  fact  chat  in  che  temperature  range  from  50  to  8C*C,  che  denremenc 
reaches  a maximum  (0.56).  Barium  sulfate,  molybdenum  disulfide  and  graphite  are 
used  as  antifriction  additives  to  polyamides.  The  highest  wear  resistance 
characterizes  specimens  with  a 20-25/i  addition  of  barium  sulfate  or  4-^3^^;  addition 
of  graphite.  Polyamide  cotaposicions  with  molybdenum  disulfide  and  graphite  also 
possess  rapid  breaking-in  characteristics. 

The  presence  In  che  scrxicture  of  polyamides  of  polar  amide  groups  which  form 
hydrogen  bonds  with  water  molecules  accounts  for  their  high  hygroscopicity . The 
race  of  diffusion  of  moisture  and  degree  of  water  absorption  depenc  on  the  content 
of  polar  amide  groups  and  or.  che  structure  of  the  poi\nter.  The  lower  the  concentra- 
tion of  amide  groups,  the  lover  the  water  absorption. 

In  the  series  of  aliphatic  pclyanides  described,  the  greatest  water  absorp- 
tion is  exhibited  by  polyamide  6 ^5-121),  and  the  greatest  water  resistance,  by 
polyamide  12  (1. IT) . Moisture  has  a plasticising  efface  or.  polyamides,  increases 
elasticity,  and  simuicanaousiy  reduces  mechanical  strength,  modulus  of  elasticity 
and  hardness.  During  the  storage  of  polyamides  in  air  at  20®C  and  relative 
humidity,  che  moisture  concent  becomes  cortpietely  stabilicec.  Under  these  condi- 
tions, the  water  absorption  of  pciyamide  is  2-I.i. 
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Completely  dehydrated  polyamides  lose  their  elasticity 
brittle  not  only  because  or  removal  of  the  plasticicec,  i. 
because  of  partial  washtng-cuc  of  the  low-r.olecular  fractio 
articles,  it  is  necessary  cc  consider  the  change  in  the  ii3' 
as  the  water  absorpeior  process  takes  place.  Parts  made  of 
contain  a constant  amount  o:  moisture  at  different  humiditi 
medium  in  order  to  achieve  constant  dimensions  of  the  parts 


ind  become  more 
e . , water , but  also 
ns.  In  designing 
ensions  of  the  parts 
polyamides  shou_c 
es  of  the  amoient 
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From  the  standpoint  cf  stability  of  the  dimensions  of  the  pa' ts  and 
mechanical  properties  at  high  huaidity,  polyamide  12  is  best.  Its  bending 
strength  after  ma::imi:m  saturation  decreases  by  15-13/»,  and  after  saturation  in  a 
medium  of  65Z  relative  humidity,  by  ur.der  the  same  conditions,  the  decrease 

in  strength  of  polyamide  63  is  40  and  and  that  of  polyamide  6,  ar.c 

57Z , respoctively . 


The  dimensional  stability  and  mechanical  properties  of  polyamide  parts  are 
also  determined  by  the  operating  temperature,  'dteh  rising  temperature,  polyamidei- 
become  more  elastic  and  their  strength  and  modulus  of  elasticity  decrease.  Cur- 
ing long-term  service,  even  at  small  loads,  they  car.  operate  only  at  a tempera- 
ture no  higher  then  1C0*C.  Thus,  after  poiyamice  parts  are  kept  for  -»2  days  at 
13C’C,  they  lose  toZ  of  their  strength.  At  loads  on  the  order  of  18.5  kgf/cm', 

Che  operating  temperature  must  not  exceed  50‘*C.  The  lowest  heat  capacity  is  that 
or  polyamide  6. 

Alien  exposed  to  high  temperatures  for  long  periods,  polyamide  articles  become 
brittle  and  wear  out  rapidly. 


The  deterioration  of  operating  conditions  of  polyamide  parts  at  elevated 
temperatures  is  also  increased  by  their  lew  thermal  ccnductivity.  The  thermal 
conductivity  coefficient  of  polyamides  is  0.2-0.  3 A/(m  K) . Ih-'i  removal  of  the 
heat  produced  by  friction  during  the  operation  cf  the  parts  is  poor,  resulting 
in  Che  risk  of  local  overheating.  The  thermal  conductivity  is  improved  by  intro- 
ducing ancif : ■*  ction  additives. 

Polyamides  are  characterised  by  a high  coefficient  cf  linear  expansion.:  it 

is  ten  times  greater  than  that  of  steel. 

The  lover  limit  of  working  temperatures  is  determined  by  the  brittle  tempera- 
ture; it  is  -60^C  for  poiyamice  12.  As  they  are  cooled  below  0®C,  polyamide  ports 
partially  lose  their  elasticity.  Under  load,  such  parts  can  operate  at  -ib’C, 

Polyamides  are  made  into  articles  bv  different  methods:  die  casting,  extrusion, 

or  centrifugal  casting.  Because  of  the  absence  of  the  plastic  deformation  cone 
and  low  viscosity  cf  the  melt,  poiya-aides  are  not  worked  by  molding. 

In  die  casting  of  polyamide  parts,  it  is  necessar**  to  consider  the  character- 
istics of  these  materials:  a narrow  melting  range,  low  viscosity  of  the  melt, 

hydrophilic  nature,  and  appreciable  influence  of  processing  conditions  on  their 
structure  and  strength.  The  casting  temperafcre  depends  on  the  melting  temperature 
cf  Che  material  being  processed,  and  should  be  20*C  higher  than  the  melting  temper- 
ature of  the  material.  In  each  specific  case,  the  temperature  is  determir.ed  mere 
accurately  by  experimental  means  as  a function  of  the  size  and  shape  of  the  oast 
article.  Because  of  t.*e  ready  oxidicabiiity  of  polyamides  in  the  molten  state. 
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cr.e  casting  proc’iss  iiusc  be  carriea  ou-  so  \s  to  -:cep  tnc  nateri.il  : rota  rctainir.2 
in  tne  'noiten  state  :or  any  appreciaole  length  o:  tirte.  .'r  iaportance  are 

tne  casting  :ice,  arrangement  or  the  pourtna  gat^s  -nc  proper  ae^ign  a:  t.-.e  mclo. 

Polvar.ides  have  a low  melt  viscosity,  'I--.-  n lO"  ?.  Tor  mooiltty  or  tne 
melt  is  an  advantage  in  charging  of  t:je  mold  ar.c  ra«ces  it  possible  to  obtain  tr.in- 
vailec  articles  of  corrpleK  shape.  However,  suen  a melt  may  leak  out  o:  tne  nocz-e 
even  without  the  application  of  pressure,  and  thereiore,  all  the  mating  members  or 
a casting  machine  are  closely  fitted  and  have  selr-clcsing  nozzles. 

Polvanides  are  hvdrophillz  products  which  sometimes  contain  signiiicant  cmour.is 
oz  moisture.  Processing  of  moist  polymers  causes  their  degradacicn,  rwel.*.i:vg  ot 
the  ziiss,  formation  of  surface  microcracks,  and  decline  or  the  strength  c:  the 
articles.  Therefore,  prior  to  fabrication  of  the  articles.,  polyamides  are  usual..y 
dried  at  iO~S5’C  in  a layer  cm  thick  in  a vacuum  for  1-lA  h until  t;:e  moisture 

content  of  the  mass  is  no  higher  chan  O.ITI. 

f The  structure  of  polyamides  in  the  finished  article  is  chierly  determined  by 

I the  processing  conditions.  Articles  with  a crystalline  structure  are  obcainec  ii 

[ ' the  melt  is  injected  into  a mold  heated  to  iO-ou*C  and  tae  mold  is  slowly  cooled. 

[ It  is  well  known  that  a crystalline  structure  increases  the  tensile  strength, 

' rigidity  and  hardness,  and  articles  with  such  a structure  have  a better  wear  ana 

I friction  resistance. 

I Casting  in  a cold  mold  and  rapid  cooling  gives  articles  in  whicn  tne  amorpnous 

phase  predominates , marked  by  a high  elasticity  and  impact  strengtn.  However, 

! casting  of  polyamiues  in  cold  molds  is  possible  only  in  tne  ratricaticn  ot  tain- 

walied  articles.  The  casting  of  large-sized,  thick-valiec  articles  involves  the 
' danger  of  formation  of  shrinkage  cavities.  This  is  due  to  poor  therma^  conductiv- 

ity; the  polyamide  layers  located  near  the  walls  or  the  cole  mole  soiidity,  t.ce 
supply  of  melt  is  cut  off,  and  the  interior  of  the  article  still  contains  a liquid 
i mass,  which  on  solidif ication  produces  shrinkage. 

In  the  case  of  large-sized  articles,  the  low  t.vermal  conductivity  of  polv- 
amides  ilso  causes  (even  in  heated  mold  casting;  an  inhomogeneous  ccarse-spneru...ite 
, crystalline  structure  with  the  presence  of  a surface  amorphous  layer.  Tc  obtain 

; parts  with  a homogeneous  fi ne-spheruiit t structure,  additional  neat  treatment  at 

2i0-220‘’C  is  racemnended.  The  duration  of  the  heat  treatreenc  depends  on  the  thick- 
ness of  the  articles  and  ranges  from  1 to  3 h.  The  articles  are  heac-treatec 
castor  oil  and  i.n  a melt  of  sodium  nitrate,  sodium  nitrite,  anu  potassium  nitrate 
in  the  proportion  cf  1:1:1. 

As  previously  noted,  the  properties  of  polyamides  are  rrequentxy  Improvec  ty 
usin?  various  fillers  such  as  calc,  graphite,  molybdenum  iisulcide,  or  oari'i.m 
sulfate.  The  introduction  of  fillers  increases  tne  hareness  and  strength  of  tno 
polymer  ai'.d  imoroves  its  heat  resistance,  intirriction  properties  ar.u  water  re- 
sistance. However,  the  impact  strength  decreases  in  inverse  prerortien  to  tne 
emount  cf  filler  introduced. 

It  is  most  advantageous  to  introduce  the  fillers  iir-Mtl;*  during  the  svntr.cn^ 
of  tolyamiues,  since  inert  fillers  do  not  disturn  the  rate  or  forracion  or  pcl;'- 
' amides. 


150 


J 


The  jpcirua  aaioun:  of  filler  is  ceier^ined  by  che  f’jnccion  of  zhe  r;az«rioi. 
Accusulazcd  e::perience  has  ihown  thac  polyaaioes  vich  3-10"  filler  provide  for 
reliable  ooerazicn  of  suoh  pares  as  bushings,  liners,  and  bearings. 

r^enilon.  Ar.ong  aronacir  poiyaniaes,  the  Soviec  industry  procuces  fenil.t'.  - 
poly-3i-phenyleni3cphthaia3ide , which  is  the  polycondensacion  pcccucz  of  an  aronacic 
diaaine  (c-phenyler.edianiir.e)  and  derivatives  of  aromatic  dicarooxylic  aciis  (iso- 
phehaiic  acid),'"** 

Aroaatic  diaaines  of  low  reactivity  do  not  reict  with  dicarboxylic  acids,  and 
therefore,  instead  of  a dicarboxylic  acid,  use  is  :nade  of  its  nore  reactive 
derivatives,  dichlorides,  and  the  reaction  is  carried  out  at  low  terjperatcres  in 
solution  or  at  the  interface. 


Like  other  aroraacic  polyaiaides , fenilon  is  characterised  by  high  coetpressive 
strength,  excellent  antifriction  properties  ana  high  chemical  stability;  its  glass 
transition  terperature  (^70*0)  and  melting  point  (130*0  permit  long-term  use  of 
the  articles  at  high  temperatures,  “he  molecular  mass  or  fenilon  suitable  for 
processing  into  articles  is  20,000-70,000.  The  physicomechanical  properties  of 
fenilon  are  given  below. 


Density,  g/cm'  

Tensile  strength,  kgf/rmc~ 

Compressive  strength,  kgf/rrta-  . 
Impact  strength,  kgf  m/cm-  .... 
Modulus  of  compression,  kgr/mn- 

Brinell  hardness,  kgf/ren-  

Wick  temperature,  '*C 

Frost  resistance,  ®C  


12.0 

30.0 

2.0 

4.4  X 10- 
34 
270 
-70 


Fenilon-base  molding  materials  are  used  in  ship  machine  building.  They  are 
finely  divided  white  and  pink  powders  (bulk  density,  0.12-0.35  g/cm-). 


Parts  made  of  foniion  are  fabricated  by  hoc  moldi.ng  at  320*0  and  a specific 
pressure  of  1000-1500  kgf/cm-;  holding  time  under  pressure  is  5-15  min,  and  the 
articles  must  be  cooled  under  pressure  to  230*C.  The  poi>*mer  in  the  press  mold 
is  heated  to  the  molding  temperature  without  pressure. 

Fenilon  has  strength  characteristics  similar  to  those  of  aliphatic  poly- 
amides. The  elastic  modulus  of  tenilon  is  considerably  higher  than  those  of 
aliphatic  polyamides.  The  chief  advantage  of  fenilon  is  the  pcssibility  of  /173 

using  the  articles  over  a vide  temperature  range,  from  -b0*C  to  *250*C,  Fenilcn 
is  also  marked  by  high  atmospheric  resistance.  It  is  similar  in  water  resistance 
to  aliphatic  polyamide  6.  The  maximum  water  absorption  of  fenilon  is  9-lOfi. 

It  is  a good  dielectric  whose  properties  undergo  comparatively  little  cr.ange 
after  exposure  to  atmospheric  conditions  and  practically  no  change  in  the  tempera- 
ture range  from  20  to  220*C. 

Fenilon  has  attractive  antifriction  properties,  stable  over  a wide  tempera- 
ture range.  Thanks  to  a high  heat  resistance,  it  withstands  higher  friction  loads 
than  aliphatic  polyamides.  In  dr/  friction  against  ateel.  its  friction  coefficient 
is  0.-*2.  The  wear  resistance  of  fenilon  it  room  temoerature  is  1/4-1, '3  that  of 
polyamide  6.  Filling  of  fenilon  with  graphite  and  molyboenun  disulfide  (up  to 
3.5'0  substaatiaiiy  improves  its  antifriction  properties. 
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Caprolon.  In  recenc  years,  a widely  applied  niechod  in  the  USSR  anc  abroac 
involves  che  preparacion  or  arcicles  usee  in  ship  naehine  building  iron  polyanides 
by  anionic  (Icv-cenperature,  block)  polsnaerisarion  directly  in  the  nolds.  Use  of 
this  nethod  makes  it  possible  to  process  the  polymer  without  resorting  to  expensive 
casting  machines  ana  molds,  and  to  obtain  large-sized  castings  with  nininua  equip- 
ment costs.  The  anionic  poi;vmeri taticn  method  is  particularly  effective  in  the 
production  of  shipbuilding  articles  frequently  encountered  in  shipbuilding  and 
produced  in  small  batches,  such  as  stern  bearings,  rudder  stock  bearings  on  ships, 
cutters  and  rescue  boats,  valve  bonnets,  filtering  cartridges,  and  other  parts.^^' 

Ac  the  present  time,  the  starting  material  most  commonly  used  in  the  produc- 
tion of  articles  by  this  method  is  •; -caprolactam,  che  material  based  thereon  being 
known  as  caprolon  or  caprolite.  The  polymerisation  of  c-caprolactan  is  carried 
out  in  che  presence  of  alkali  catalysts  and  activators  (cocacalysts)  in  an  inert 
gas  atmosphere  at  normal  pressure  directly  in  che  molds  at  170-lSO^C. 

In  comparison  with  polyamide  6 (capren),  which  is  anaxogous  in  chemical 
structure  but  is  prepared  by  hydrolytic  polymerization,  caprolon  has  better 
mechanical  properties  (Table  72). 

The  basic  patterns  of  change  in  the  mechanical  properties  of  caprolon  acted 
upon  by  water,  atmospheric  conditions  and  elevated  temperatures  are  analogous  to 
Chose  described  previously  for  polyamices. 

The  maximum  water  absorption  of  caprolon  at  20^C  is  o-7T.  rive  to  eight  years 
are  required  to  achieve  the  maximum  water  absorption  of  bushing-type  articles  when 
the  wall  thickness  is  15-20  mm.  The  dimensions  of  the  articles  increase  simuil'.ane- 
ously  with  water  absorption.  At  che  maximum  v.%cer  aosorption,  che  diameter  oz  /17 

the  articles  obtained  (disks,  rings  and  bushings)  increases  by  an  average  of  Z%. 

Table  72 

Physlconechanical  properties  of  capron  and  caprolcn 


I Property 

Capron 

Caprolon 

' . y 3 

Density,  g/cm 

1.14 

1 

1.16  j 

j Strength,  kgt/tra’: 

1 tensile 

5.5-7 

9-9.5 

; compressive 

b.5-10 

12-12.5 

; bending 

9-10 

12-15 

Modulus  of  Cension,  10*^  kgf/mm^ 

0.3-1 

2.06-2.31 

, Impact  strength,  ’scgf  n/cs- 

1.0-1. 3 

1.0-1. 6 1 

; Tensile  elongation, 

100-350 

120-130  1 

1 Brinell  hardness,  kgf/rmn“ 

3-12 

20-25 

Melting  temperature,  *C 

210-215 

220 

, Heat  resistance,  **C: 

I 

Wick 

160 

220-250  1 

Martens 

55 

1 Thermal  conductivitv  coefficient. 

0.25 

0.25  1 

1 K) 

its  antifriction  properties,  caprolon 
cion  pair  wich  aecais  at  sliding  speeds  froc  3 


has  very  high  indices  in  a fric- 
to  5 31/ sec  and  specific  pressures 
up  to  25  kgf/cti‘.’^  The  wear  resiscance  cf  caprolon  under  certain  condicions 
surpasses  chac  of  ocher  aacerlals  (guaiac,  ccxcolice,  rubber,  vcad  larsinate) 
used  in  Che  aanufaccure  of  stern  bearings.  Thus , wichin  the  range  of  sliding 
speeds  of  0.5-10  3j/sec  and  specific  pressures  up  to  10  icgf/ca*-,  the  rate  of  wear 
of  caprolon  does  not  exceed  0.1-0.15  -a/h.  whereas  ic  is  0.19  -ts/h  fcr  guaiac. 
rubber  and  cextolice,  and  0.22  «n/h  for  wood  laminates. 


The  most  iaportanc  factor  deternining  the  properties  of  Che  pcl;Tier  oocained 
is  che  choice  of  cacalysc  and  cocatalysc  t'accivator) . The  catalyse  used  is 
aecallic  sodiua,  and  che  activators  are  raono-,  bi-  and  crifunctionai  cotaoounds, 
for  example  acecylcaprolactao,  .N-N'-acecylbislactom,  N-,  N'-,  N"-crimesinoyl- 
Cercaprolactax,  coluylene  diisocyanace , and  hexanechylene  diisocyar.ate . 

The  structure  cf  the  poi'^/mer  and  its  properties  vary  according  to  the 
functionality  of  the  activator.  Monofunctional  activators  provide  for  growth 
cf  pol>*mer  chains  in  cnly  one  direction.  To  obtain  a branched  polyner  cf  high 
molecular  mass,  it  is  desirable  to  use  bi-  and  crifunctionai  activators,  which 
cause  the  caprolon  molecule  to  grow  in  two  and  three  directions. 

It  has  been  found  that  polyamides  obtained  in  the  presen< e of  mono-,  bl- 
and crifunctionai  accivacors  have  a crystalline  scruccure;  rhe  degree  of  crystal- 
llnicy  decreases  wich  increasing  rur.ctionalicy  of  che  activator,  leading  in 
particular  co  a decrease  in  che  hardness  of  t:;e  polvmers. 

The  use  of  new  poiyfunccional  activators  opens  che  possibillcv  of  varying 
che  properties  of  caprolon,  thus  extending  che  scope  of  its  application. 

To  obtain  a pol^.-mer  of  maximum  molecular  mass,  the  catalyst,  activator  and 
caprolactam  in  che  reaction  system  should  be  present  in  scrietJv  equimolar  amounts. 


rig.  71.  Flow  diagram  of  assembly  for  block  polymerization  of  capmlactam 

Of  major  importance  for  carrying  out  the  process  of  a.•’.^ot>ic  col^'merizacion 
is  che  adherence  to  che  temperature  condicions  .(cereperacure  of  the  mold,  drying. 
pol;."rr.ert2aclon  and  cooling  of  che  articles;  . Peparture  from  the  temperature 
conditions  leads  to  either  a decrease  in  pol^TT.erization  rate  and  increases  content 
of  Icw-molecular  products  ac  beiew-opcimum  cemoeracure,  or  to  in  intensification 
of  the  degradation  process  and  fermacion  of  defect.^  (pores,  cavities,  etc.). 


153 


r 


A flow  diagratn  of  the  apparatus  for  block  polvinerizaclon  of  caprolactam  is 
shewn  in  Fig.  74.  The  process  takes. place  as  follows.  Caprolaccaa  is  charged 
into  reactors  1 and  1,  where  It  melts  at  70-100'*C,  then  the  aolten  caprclactam 
is  heated  to  125r5®C  in  a stream  of  inert  gas  (nitrogen  or  argon)  and  is  dried 
for  1,5  h CO  a moisture  content  of  0,02%,  An  i.nert  medium  is  a necessary  re- 
quirement for  carrying  out  anionic  pol>*merization , since  the  slightest  amount  of 
oxygen  (over  0.05*)  promotes  oxidation  of  caprolactam. 

In  reactors  1 and  2 at  138-140®C  in  a stream  of  inert  gas,  caprolactam  is 
mixed  with  a catalyst  (metallic  sodium),  and  the  reaction  takes  place  vigorously 
with  the  liberation  of  hydrogen: 

CO  (CHj).  NH  - Na  -CO  (CH;)i  N'Na  - -1-  H,  ' . 

An  activator  (toluylene  diisocyanate)  is  charged  into  reactor  2: 

2 (CH,),  CONH  OCN  (CH,)»  N'CO  - CO  (CH;),  XCON H (CH:),  - 
-NKCO(CH:)iNCO. 

Then  the  melts  from  the  two  reactors  are  fed  through  mixer  3 down  tube  4 into  /176 

* mold  5 preheated  to  170*C,  where  the  polymerization  takes  place. 

To  obtain  articles  with  a high  dimensional  accuracy  and  a guaranteed  con- 
stancy of  physicomechanical  properties,  it  is  necessary  to  maintain  a given  mold 
temperature  to  within  rS^C.  The  cooling  rate  varies  with  the  t.-.ickaess  of  the 
castings,  and  on  average,  the  rate  of  decrease  of  the  temperature  of  the  article 
should  not  exceed  6-10®C  per  hour  (to  reduce  the  internal  stresses  in  the  article). 

In  some  cases,  cracking  and  premature  fracture  of  parts  is  observed  in 
caproion  castings  during  their  service  and  storage.  These  phenomena  are  caused 
by  a nonunifora  superaolecular  structure  of  the  polraer,  which  accounts  for  the 
inadequate  stability  cf  mechanical  properties  and  considerable  fluctuations  of 
shrinkage.  The  problem  of  directed  control  of  the  superaolecular  structure  of 
caproion  during  its  synthesis  is  one  of  high  current  interest . 

There  exist  a number  of  methods  permitting  the  control  of  pol;nner  structures 
for  the  purpose  o:  obtaining  materials  with  optimum  mechanical  properties.  The 
most  acceptable  methods  of  control  cf  the  superaolecular  structure  and  properties 
L of  caproion  are  optimization  of  the  temperature  conditions  of  s^-r^thesis  and  intro- 

I duction  of  artificial  cross-linking  nuclei  (AON) . 

I The  introduction  of  .ACN  into  polraers  has  been  dealt  with  in  many  studies. 

.ACN  are  usually  introduced  into  the  solution  or  melt  of  the  final  polraers 
) and  take  part  only  in  the  crystallization  of  the  product,  without  affecting  the 

pol^nnerization  process.  In  the  case  of  anionic  pol^-meriz ation,  ACM  must  be  intro- 
duced into  the  monomer  melt  simultaneously  with  the  catalytic  system,  and  the 
entire  process  of  poi>Tierization  followed  by  cr-/?tallization  of  the  polymer  should 
be  carried  out  in  their  presence.  Therefore,  ACM  additions  should  be  inert  with 
respect  to  the  catalytic  system.  The  cross-linking  agents  used  may  be  finely 
dl'/lded  solids  - oxides  of  aluminum  (Al^O^),  lead  (PbO)  , titanium  (TiO,)  as  well 

as  carbon  black  and  graphite.  A disadvantage  of  such  solid  cross-linking  agents 
is  the  nonuniformity  of  their  distribution  over  the  entire  mass  of  the  substance 
introduced. 

I 
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Much  nore  proaii3in»j  is  ihe  use  of  cross-linking  agents  soluble  in  the 
caprolactam  celt,  such  as  the  dyes  caprosol  red  C and  active  phthalocyanine  blue. 
The  introduction  of  dyes  into  the  reaction  mixture  improves  the  mechanical  proper- 
ties of  caproion  . 

Studies  of  the  superr4olecular  structure  of  caproion  modified  *vith  dyes  have 
shown  that  the  homogeneity  and  size  of  the  spherulites  change  with  changing  con- 
centration of  the  dye  introduced.  Thus,  the  average  diameter  of  spherulites  of 
unmodified  caproion  and  caproion  obtained  w'ith  0.005«*  phthalocyanine  blue  is 
30-35  un,  the  diameter  of  spherulites  of  caproion  obtained  with  0.01%  of  the  dye 
is  20-25  un,  and  with  0.05% , about  15  un.  Thus,  as  the  concentration  of  phthalo- 
cyanine blue  increases  to  0.05%,  the  size  of  the  spherulites  decreases  by  a factor 
of  two,  and  the  homogeneity  of  the  macrostructure  increases. 

In  addition,  the  introduction  of  dyes  creates  Che  conditions  for  a uniform 
distribution  of  crystallization  centers  throughout  the  polymer,  leading  to  a 
simultaneous  crystallization  of  the  polymter  ior.med  in  the  entire  volume  of  the 
casting,  a decrease  in  Che  volume  of  shrinkage  cavities,  more  stable  values  of 
shrinkage  in  height,  and  a more  uniform  distribution  of  density  over  the  cross 
section  (Table  73). 

Table  73 

Density,  g/cm'^,  of  caproion  castings  with  a cross-linking  agent'* 


‘ Distance  rrom  center  of 
cylindrical  castings 
I 70  mm  In  dia.meter  and 
• 120  mm  high 

Un.modified  Caproion 

Caproion  O.OIT  of 

caprosol  red  C 

1.145 

1.154 

1 a 

1.149 

1.156 

1 

1.155 

1.158 

1 31 

1.157 

1.158 

2? . Polycarbonates 

? ^iycarbcnaces  are  polycondensation  products  of  carbonic  acid  and  polyatcmic 
alcohols,  which  may  be  allpnatic  and  aroinatic  alcohols.  Of  greatest  industrial 
importance  at  the  present  time  is  polycarbonate  based  or.  dipnenyloipropane. 

In  the  USSR,  polycarbonate  is  produced  under  the  name  diflon.  The  industrial 
method  of  preparation  of  polycarbonate  consists  in  the  direct  phosgenization  of 
diphenylolpropane.  Qualltv  polycarbonate  can  be  obtained  only  by  using  diphenylol 
propane  of  a high  degree  of  purity  t.hat  has  been  repeatedly  recrystallized.  Of 
major  Importance  is  the  degree  of  washing  of  the  pol^/mer  obtained  to  remove  the 
excess  alkali  and  sodium  b icarbcnate . Traces  of  alkali  and  salts  in  the  polymer 
sharply  reduce  its  resistance  to  steam  and  boiling  water. 

The  physicomechanical  properties  of  polycarbonate  depend  on  the  molecular  mas 
and  poiyulspersity  of  the  procuct  obtained.  For  articles  used  in  ship  machine 


building  iiid  ocher  scruccural  articles  obtained  by  die  costing,  it  is  desirable 
CO  use  ppiycarbonace  with  an  average  xoiecular  niass  of  30,000-35,000.  A further 
increase  of  the  aolecuiar  nass  of  polycarbonate  complicates  the  technology  of  its  /173 
processing  because  of  increased  viscosity  of  the  melt. 


Of  no  less  importance  chan  the  average  molecular  mass  is  the  pclydispersicy 
of  the  product.  The  presence  of  low-molecular  fractions  in  the  polymer  composi- 
tion increases  its  water  resistance  and  strength. 

The  polycarbonate  structure  contains  an  amorphous  and  a crystalline  phase. 

The  volume  fraction  of  the  crystalline  phase  in  the  articles  can  be  as  high  as  -Ot. 

The  supertnolecular  structure  of  polycarbonate  consists  of  regions  in  the  form 
of  fibrils  and  spherulites  of  racial,  mixed  and  radial-annular  type.  The  spherulites 
are  up  to  3-10  -ra  in  size.  The  structure  of  polycarbonate  determines  its  physico- 
aechanical  properties.  The  highest  strength  characteristics  are  exhibited  by 
polycarbonate  with  a homogeneous  fine-spheruiite  structure. -- 


Articles  used  in  ship  machine  building  are  usually  made  from  polycarbonate  by 
die  casting  on  machines  with  screw  conveyer  plasticization.  Because  of  the  high 
viscosity  of  the  xelt,  the  die  casting  of  polycarbonate  is  carried  out  at  pressures 
of  900-2000  kgf/c3“  at  260-300*C.  The  diameter  of  the  pouring  channel  shouio  be 
no  smaller  than  1.2  oa. 

The  supermolecular  structure  and  mechanical  properties  of  polycarbonate  are 
determined  by  the  specific  pressure,  casting  temperature,  shape  and  rate  of  cool- 
ing of  the  articles  and  the  mold  (Tables  7i-77). 

Studies  have  shown^^  that  the  optimum  casting  temperature  of  polycarbonate 
is  300®C.  The  viscosity  of  polycarbonate  melt  at  300®C  is  4000-60CO  ?.  The 
optimum  mold  temperature  during  casting  is  100*C.  A fine  homogeneous  spherulitic 
structure  is  obtained  at  this  temperature. 

Slow  cooling  creates  the  most  favorable  conditions  for  an  ordered  structure. 


Table  74 

Effect  of  die-casting  temperature  on  the  mechanical  properties  of  polycarbonate 


' 1 

! Die-casting  temper^ 
! acure,  | 

1 1 

1 Strength,  kgf/ma^ 

Tensile  } Bending 

Tensile  elongation. 

1 :6o 

5.53  ' 

10.14  ' 

43.6  i 

i 230 

5.58  1 

10.17 

37.5  i 

j 300  i 

6.75  ! 

10.17  , 

23. 0 

1 320 

1 

i ! 

9.95 

1 25.0  ! 

The  mechanical  properties  and  supermolecular  structure  of  polycarbonate  can 
be  improved  by  subsequent  heat  treatment  and  introduction  of  small  amounts  of 
cross-linking  agents  into  the  polycarbonate  composition.  Keat  treatment  of  the 


a79 


156 


articles  is  carried  out  in  silicone  oil  at  135'*C  for  dO  ain,  followed  by  slow 
cooling  in  the  aold  ac  a rate  of  16-25‘’C/h.  The  cross-linking  agents  used  for 
polycarbonate  are  finely  divided  high-aelcing  oxides  of  aetals,  i.  e. , titanium, 
germanium  and  clrconiua.  The  introduction  of  cross-linking  agents,  for  example 
titanium  dio:cide,  in  amounts  up  to  makes  it  possible  to  increase  the 

modulus  of  normal  elasticity  by  25-30X. 


Table  75 

Effect  of  mold  temperature  on  the  mechanical  properties  of  polycarbonate 


Strength,  kgf/mm*’ 

i 1 

‘ Mold  temperature,  1 

j Tensile  elongation. 

i »c  1 

1 Tensile  i 

1 Bending  i 

1 ” i 

40  1 

f 6.43  1 

1 9.95 

' 22.6  i 

1 60  j 

! 6.56  ' 

10.11  ' 

17.4  1 

1 SO  1 

6.63 

10.13 

15.0 

' 100  1 

1 

10.17 

1 14.0  : 

i:o  1 

6.38  1 

10. ;o 

10. S 1 

Table  76 

Effect  of  specific  casting  pressure  on  the  mechanical  properties  of  polycarbonate 


‘ i 

' Specific  pressure,  ' 
j kgf/cm^  i 

Str 

engtl 

1,  kgf/rjn^ 

Tensile  elongation,  . 

1 

Tensile 

Sending 

! 750  1 

6.14 

9.95 

13.4  ! 

1 330  i 

6.36 

10.17 

25.3  1 

1070  ! 

1 

6.41 

10.37 

^ i 

Table  77 

Effect  of  holding  time  during  cooling  on  the  mechanical  properties  of  polycarbonate 


1 

Scrangth, 

kgf  /mm** 

Tensile  elonzation,  \ 
% ■ 1 

i Holding  time,  min 

1 

Tensile  | 

Bending 

' 30 

6.23  j 

10.30 

1-.6  ' 

60 

6.37  1 

10.30 

30.0 

90 

6.36  [ 

10.30 

35.3  i 

1 120 
1 

6.40  [ 

10.36 

37.0  : 

The  extensive  and  rapidly  increasing  use  of  polycarbonate  Is  explained  bv  /130 

its  excellent  mechanical  properties.  In  ship  machine  building,  of  particulai 
importance  are  such  properties  of  polycarbonate  as  relatively  high  strength  and 
impact  resistance  (higher  than  in  all  thermoplascs) , dimensional  stability  ever 
a vide  temperature  range,  lov  creep  ffer  cheraopia«ts) , water-  and  atmospneric 
resistance,  attractive  antifriction  properties,  and  self -extinction  (Table  "3'. 
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Table  73 

Physicotnechanical  properties  or  polycarbonates 


' Characteristic 

Makroion 

Leksan 

Diflon  ! 

1 Density,  g/cm-^ 

r-i 

_ 

1.2  i 

• Impact  strength,  kgf  m/cm'^ 

- 

- 

1.20  ! 

1 Strength,  kgf/mm-: 

1 tensile 

6.25-6.50 

5.60-8.40 

6.00-7.00  i 

1 compressive 

8.40 

7.70 

8.00-9.00  1 

\ bending 

10.00 

- 

10.30-10.50  i 

1 Elongation,  T 

60-100 

- 

50-1C0  1 

1 Hardness,  kgf/ma- 

12.3 

' Elastic  modulus,  kgf/mm': 

• tensile 

(2.2-2.3)xl0- 

2.2  X 10“ 

15-16  j 

v2.2-2,4)xlG'  j 

; compressive 

2.5 

1.63 

- ! 

; Poisson's  ratio 

- 

- 

0.36  ! 

j Linear  expansion  coefficient. 

60 

- 

60 

iO’5  ‘■C'i 

: Water  absorption  after  24  h. 

■ 

■ 

1 

0.3 

Martens  yield  tenperatnre , °C 

135-137 

_ 

135-140  ^ 

Glass  transition  temperature. 

140 

143 

140  ! 

; "'c 

j Degradation  temperature, 

310-340 

. 

320-340  1 

1 Melting  range  or  crystalline 

222-230 

- 

- 

j phase,  *C 

Cold  resistance,  *C 

Below  -100*C 

1 

Under  service  loads  and  at  high  tenperatura , the  creep  of  polycarbonate  is 
accompanied  by  a peculiar  fora  of  brittle  fracture  of  polraers,  i.  e.,  the  forma- 
tion of  "silver"  cracks.  Silver  cracks  constitute  a region  of  the  sane  material 
but  with  a different  refractive  index.  Thus»  the  creep  of  polycarbonate  is 
accompanied  by  partial  separation  of  Che  material  into  layers. 

The  impact  resistance  of  polycarbonate  remains  almost  unchanged  in  the  temper- 
ature range  from  -120  to  120®C. 

During  aging  at  temperatures  up  to  70-30*C,  the  strength  and  elastic  properties 
of  polycarbonate  undergo  practically  no  change,  and  only  the  elongation  decreases. 

Ac  90  and  120’C,  Che  initial  period  of  thermal  aging  of  polycarbonate  is  even  /Icl 

characterized  by  a strengthening  and  increase  in  rigidity,  vhich  are  explained 
by  a general  ordering  of  the  structure  under  the  influence  of  heat  treatment  with 
stress  relaxation. 

In  Che  course  of  further  agings  thermal  degradation  of  polycarbonate  begins, 
and  its  strength  gradually  decreases.  Stabilisation  of  these  competing  processes 
takes  place  compiracively  rapidly,  and  practically  no  change  in  properties  is  cb- 
ser/ed  even  after  3000  h.  The  glass  transition  tesnerature  cf  polycarbonate  is 
133-140*0.  At  these  temperatures,  the  strength  and  elastic  characteristics  of  the 
material  decline  sharply. 
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To  increase  the  service  life  of  polycarbonate  articles  and  extend  the  service 
cecperacure  range,  the  polymer  is  filled  with  finely  chopped  glass  fiber. 

High-oolecuiar  polycarbonate  is  a relatively  water-resistant  material  at  room 
temperature.  At  20  and  50‘’C,  equilibrium  is  established  rapidly,  and  equilibrium 
water  absorption  does  not  exceed  0.2-0.3'i.  The  mechanical  properties  of  poly- 
carbonate under  brief  loads  remain  almost  unchanged  after  exposure  to  water.  How- 
ever, on  specimens  located  in  water  at  20'“C,  after  prolonged  loading,  "silver" 
cracks  are  formed  after  only  300  h,  analogous  to  the  cracks  due  to  thermal  aging 
for  50-100  h at  90®C.  The  formation  of  cracks  causes  a decrease  in  the  durability 
of  articles  operating  under  constant  loads  in  water  in  comparison  with  articles 
used  in  air.  The  adsorbed  moisture  can  be  removed  by  treating  the  specimens  with 
70*i  sulfuric  acid,  whereupon  the  defects  disappear  and  the  mechanical  properties 
are  completely  restored.  Thus,  at  20-50®C  only  a physical  interaction  o:  water 
with  polycarbonate  cakes  place  which  reduces  the  durability  of  the  articles,  and 
no  hydrolysis  occurs. 

During  exposure  to  water  at  70-90®C,  Che  aging  mechanism  of  polycarbonate 
changes.  A chemical  reaction  of  polycarbonate  with  water,  i.  e.,  hydrolysis  of 
the  polymer,  takes  place.  One  can  postulate  that  the  water  causes  rupture  of  the 
bonds  at  the  carbonyl  bridge  with  hydrolysis  of  the  end  groups.  The  hydrolysis 
products  are  not  washed  cut  of  the  polymer  and  occupy  a greater  volume  than  the 
initial  molecules.  This  gives  rise  to  nonuniform  internal  stresses  causing  ruoture 
of  Che  intermolecuiar  bonds  and  formation  of  cracks.  The  formation  of  cracks 
always  begins  at  a depth  of  0.1-0. 3 mm  from  the  surface  of  the  specimen,  confirm- 
ing the  difference  between  the  properties  of  the  material  of  the  outer  and  inner 
layers.  Such  cracks  do  not  disappear  after  treatment  with  70."  sulfuric  acid,  as 
in  Che  case  of  service  in  water  at  20*C,  and  reduce  the  durability  of  the  articles 
much  more  substantially. 

distinctive  characteristic  of  polycarbonate  is  the  stability  of  its  di- 
electric properties  over  a wide  range  of  frequencies  and  temperatures.  For  ex- 
ample, Che  volume  resistivity  of  polycarbonate  at  -30"C  is  10*'  Ohm  cm,  at  100®C, 

2.1  X lO*"^  Ohm  cm,  and  at  150*C,  2.5  x lO*'^  Ohm  cm.  The  dielectric  character-  /1S2 

istics  of  polycarbonate  remain  unchanged  in  the  range  of  current  frequencies  from 
10  to  10^  Hz. 

Important  advantages  of  polycarbonate  are  its  attractive  antifriction 
properties  (Table  79)  and  high  wear  resistance. 

Table  79 

Antifriction  properties  of  pol>*ner3 


Density,  g/cm^ 

^ Hardness, 

Friction 

Poi’mer  | 

kgf /nun  “ 

Coefficient 

j Polvamide  6 i 

1.13  i 

5-12 

0.4 

1 Polvcarbonace  j 

1.2 

15-16  1 

I 0.26 

Pclvformaidehvde  , 

1.4 

20-23 

3.24 

Fenilon 

1.42 

21-30 

0.24 

li 

.’i 

i 

i 


1 
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30.  Poivacecal  Resins 


In  their  molecular  structure,  polyacetals  are  siziple  polyechecs  of  the 

general  formula  (CH-,0)  . Poivacetals  obtained  ircni  fornuidehyde  include  polv- 
«.  n ' 

f ormaidehyde  and  its  copoivnaers. 


The  excellent  mechanical,  dielectric  and  antifriction  characteristics  o: 
polyacetals  combined  with  water  resistance,  dimensional  stability  and  usability 
over  d wide  temperature  range  make  these  materials  very  promising  for  ship  machine 
building.  The  volume  of  production  of  polyacetals  is  increasing  rapidly.  In 
1960,  7,000  cons  of  acetal  resins  were  produced  throughout  the  world,  and  by 
1970,  the  production  was  already  100,000  tons. 

The  industry  produces  polyformaldehyde  - a homopoL;/mer  containing  acetal 
end  groups  and  copol;-’mers  of  trioxane  and  ethylene  oxide,  trioxane  and  dioxoLane, 
formaldehyde  and  dioxoiane,  etc.  A t^/picai  representative  of  the  homopolymer  is 
Delrin,  made  by  the  Dupont  Co.,  and  a CN-pical  copolyTter  is  Hoscaform  C,  made  by 
Celanese  Corp.(lSA)  and  Hoechsc  (FRG) . 

Copol;mers  based  on  SFD  formaldehyde  and  STD  trioxane  are  produced  in  the 
Soviet  Union. 

The  hocopol;/mer  has  a high  degree  of  crystallinity,  rigidity  and  hardnes.*. 
Copoi^/TT.ers  have  a slightly  lower  crystailiaity , rigidity  and  hardness,  but  have 
the  advantage  of  high  thermal  stability.  The  future  belongs  to  copolvmiers, 
since  the  low  thermal  scabilitv  of  polyf onnaldehyde  considerably  interferes  with 
its  processing  into  articles.  *“ 

The  raw  material  for  the  production  of  polyf crmaldehyde  and  copolymers  based  /133 
thereon  is  high-purity  (99.9^)  formaldehyde  containing  no  more  than  0.05/^ 
moisture  and  up  to  0.05*  formic  acid.  Formaldehyde  is  chemically  unstable,  which 
considerably  complicates  its  production  technology. 

In  addition  to  f ormaldehyde , trioxane  is  also  used  for  preparing  poivacetals. 
Trioxane,  a cyclic  trlmer  of  formaldehyde,  is  polymerized  by  a cationic  mechanism 
with  opening  of  the  ring.  The  pol;/mer  formed  has  the  same  chemical  structure  as 
polyformaldehyde. 

The  introduction  into  the  molecular  chain  of  polyox^/r.echylene  (polyformaldehyde) 
of  units  of  a different  structure  which  prevent  chain  deool:/merization  makes  it 
possible  to  increase  the  thermal  stability  of  polyformaldehyde  considerably . The 
complexity  of  the  problem  lies  in  the  fact  that  the  copol^Tiers  ghould  contain  the 
miniaun  possible  amount  of  copol>Tier  (less  than  2-5  mole  percent),  uniformly  dis- 
tributed over  the  molecular  chain,  and  Che  end  groups  of  Che  macrocolecules  must 
include  units  of  the  copol>’aer. 

With  increasing  copolymer  fraction,  Che  stabilizing  effect  Increases,  but  at 
Che  sane  time  there  is  a decline  in  the  most  valuable  properties  of  Che  polymer, 
i.  e.,  crystallinity,  rigidity  and  hardness.  Ethylene  oxide  and  dioxoiane  are 
the  copolymers  most  cccconly  employed. 

Poivacetals  are  processed  by  die  casting  and  extrusion.  Articles  used  in 
ship  machine  building  are  usually  made  by  die  casting  with  the  aid  of  casting 
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machines  and  a prepias^ici2«r , equipped  vlch  exhausc  vencllacion.  Processing  vich 
such  aachines  gives  a hcaogenecas  casting  xass,  and  the  r::aceriai  may  be  heated  to 
a lower  temperature. 

In  processing  polyronnaldehyde , it  is  necessary  to  consider  the  low  thermal 
stability  or  the  neit.  The  maxinun  temperature  of  the  melt  must  not  exceed  220^C, 
and  the  ainimum,  190*C.  With  increasing  casting  temperature,  polyf omaldehyde  de- 
composes vlth  Che  evolution  of  monomeric  formaldehyde,  causing  further  aucocatalytic 
decomposition  of  the  polymer. 

The  opciaua  processing  temperature  in  the  190-220*C  range  is  selected  empirically 
for  each  type  of  machines.  The  material  cylinder  of  the  casting  machine  should  be 
equipped  with  heaters  with  close  temperature  control  (cO.S’C).  In  addition  to 
selecting  the  acceptable  casting  temperature,  in  the  case  of  processing  of  homo- 
pol>Tners,  it  is  necessary  to  determine  the  residence  tiTie  t of  the  pol^/mer  melt 
in  the  cylinder  of  the  casting  machine  and  to  make  it  comparable  to  the  acceptable 
stability  time  of  the  melt  at  the  given  temperature.  This  value  is  usually  calculated 
from  the  formula 


where  m is  the  volume  of  Che  material  in  the  cylinder,  cm^ ; /1S4 

g is  the  volume  of  injected  material,  cm-; 

T ^ is  the  duration  of  one  casting  cycle,  min. 

To  prevent  the  material  from  decomposing,  it  is  necessary  to  match  the  size  of 
Che  articles  ^volume  of  the  injection)  to  the  volume  of  the  casting  machine  cylinder, 
and  the  ratio  g/n  should  be  kept  optimal  (1:6  or  1:10).  The  limitations  related 
to  the  duration  of  heating  cf  the  copolymers  consist  in  the  fact  that  at  200®C,  the 
polymer  must  not  remain  in  the  cylinder  of  the  machine  for  more  than  1 h,  and  at 
220“C,  more  than  30  min. 

Polyacetals  as  well  as  polyamides  are  characterized  by  low  viscosity  of  the 
melt  under  the  processing  conditions.  For  this  reason,  various  shutoff  devices 
preventing  the  melt  from  leaking  out  during  the  return  of  the  plunger  are  used  dur- 
ing the  casting  of  polyformaldehyde.  The  pressure  during  the  casting  is  varied 
from  500  to  1000  kgf/cm^  and  is  selected  more  or  less  precisely  depending  on  the 
intricacy  of  the  mold  and  wall  thickness  of  the  article. 

The  crystailizacicn  race  of  polyacetals  is  ver;  high,  and  crystallization 
can  take  place  when  Che  mold  is  incompletely  filled.  Therefore,  the  casting  is 
done  in  molds  heated  to  70-li0*C.  In  this  case,  a slower  cooling  race 
and  hence,  a more  uniform  polyrer  structure  is  obtained. 

The  relatively  high  cr/stallinity  of  acetal  resins  causes  an  appreciable 
shrinkage  of  the  poiv'mer  (from  1.5  to  3.5%)  during  its  hardening  in  the  mold.  If 
the  mold  is  heated  aoove  35’C,  an  additional  0. 2-0.3%  shrinkage  may  take  place 
after  the  casting  is  removed.  To  stabilize  the  dimensions  of  such  articles  and 
obtain  a more  homogeneous  microstructure , the  articles  are  heat-treated  in  oil  at 
about  150®C. 

Polyacetals  are  among  the  stiff est  and  strongest  chermoplascs.  Their  strength 
characteristics  are  at  the  level  of  the  corresponaing  characteristics  of  ?oly- 
amlies  and  polycarbonate.  The  normal  elasticity  modulus  of  polyacetals  is  higher 
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chan  chac  of  che  renaining  scruccurai  chersoplascs.  In  resistance  co  impact  loads 
(specific  impact  strength,  1.20-i.lO  kgf  m/c3“),  polyacecais  are  similar  co  poly- 
amides, bcc  much  more  brittle  than  polycarbonate.  Among  themoplasts,  polyacetals 
have  the  highest  fatigue  strength  values  and  considerably  surpass  polycarbonate  in 
their  resistance  to  multiple  impact  loads. 

Drawbacks  of  polyacetals  include  a sharp  decrease  in  specific  impact 
strength  during  testing  of  specimens  with  an  Izod  notch.  The  impact  strength  of 
notched  specimens  is  0.07-0.09  kgf  a/ca“,  and  therefore,  when  constructing  parts 
eicposed  to  impact  loads,  it  is  necessary  to  avoid  stress  concentration  as  much 
as  possible. 

The  physiccTsechanical  properties  or  polyf ormaldehyde  are  given  below. 


Density,  g/ca*- 1.4 

Strength,  kgf /mm**: 

tensile  6.50-7.00 

compressive  13.00 

bending  S. 00-11. 00 

Elastic  modulus,  10“  kgf /mm 

tensile  4.2 

bending  3.3 

Poisson's  ratio  0.35 

Impact  strength,  kgf  a/ca* 1.30-1.30 

Briaell  hardness,  kgf /mm  “ 30-25 

Coefficient  of  friction  0.35 

^-•ick  temperature,  *0  160-170^ 

Dielectric  loss  tangent  at  10^  ‘iz  4 x 10"^ 

Dielectric  constant  at  lO’  Hz  3.3 


In  wear  resistance,  polyacetals  are  inferior  only  to  polyamides,  surpassing 
them  in  dimensional  staollity  and  moisture  resistance.  The  mechanical  properties 
of  the  specimens  decline  only  slightly  after  they  are  kept  for  365  days  in  water 
at  room  temperature.  The  creep  of  specimens  izaoersed  in  water  increases  slightly 
(by  3-10%)  in  comparison  with  chat  of  specimens  kept  In  air.  During  service  in 
boiling  water,  the  strength  of  the  specimens  decreases  sharply  as  a result  of 
irreversible  breakdown,  i.  e. . hydrolysis. 

In  dielectric  properties,  polyacetais  are  similar  co  polyamides. 

The  dielectric  properties  of  polyformaldehyde  remain  practically  unchanged 
from  10“  CO  10^  Hz,  and  decline  only  slightly  during  service  at  100%  relative 
humidity. 

In  contrast  to  polyamides,  wnose  brittleness  already  manifests  itself  at 
temperatures  below  0*C,  articles  mace  of  polyacetals  can  be  used  at  temperatures 
dcwn  to  -60*C  (Table  30).  The  melting  range  of  polyformaldehyde  is  164-167®C,  and 
the  deformation  temperature  (at  a load  of  13.3  kgf/cm“)  is  110-130’C.  On  heating 
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Table  30 

Thennal  properties  of  acecal  resins 


Property 

Homopol>mier 

(Delrin) 

Copol',/mer 
(Hostaform  C) 

Melting  range  of  crystalline  phase, *C 

1T5-1S0 

164-167  ( 

Glass  transition  temperature,  *C 

-60 

-60 

Wick  texperature,  *C 

167 

154 

Therraal  conductivity  coefficient  at 

0.27 

0.27  1 

20°C,  kcal/(n  h ”C) 

1 

' Specific  heat  capacity  at  20®C, 

0.35 

0.35  1 

' cal/g  ’C 

; 

' Linear  expansion  coefficient, 

4.5  X 10"7 

1.3  X 20"" 

1 Isaparature  of  scarp  of  theraai 

150 

145  1 

' oxidative  degradation,  ®C 

■ 

: Ter;peracare  of  scare  of  chemal 

250 

270  1 

j degradaclon,  'C 

1 

CO  1C0-120*C,  poiyacetai  artl:ies  are  scill  fairly  rigid,  but  they  /186 

cannot  wichscand  service  under  these  condicions.  The  upper  Unit  of  working 

temperatures  for  parts  under  load  is  35’C.  The  higher  heat  resistance  and 

water  resistance  of  polyformaldehyae  are  responsible  for  the  fact  that  under 

hea*r/  duty  conditions  at  high  relative  humidity,  60-30®C  and  appreciable  loads, 

polyf omaldehyde  articles  perform  less  reliably  than  articles  TwSde  of  ocher  thermo- 

plasts. 


A disadvantage  of  polyacecals  is  their  low  light  resistance  and  their  combusti- 
bility. Ultraviolet  light  accelerates  the  reaction  of  oxidative  degradation  of 
the  poivTner;  the  mechanical  properties  decline  sharply,  and  the  brittleness  of  the 
pol’/mer  increases.  The  introduction  of  photostabilizers  and  inhibitors  into  poly- 
acetals  slows  down  aging  to  some  extent. 


Polyacetals  are  combustible,  burn  practically  without  a residue,  and  their 
corabuscicn  race  is  similar  to  that  of  polyethylene  and  polystyrene. 

31.  Polylaldes 


?oi>lmldes  are  a new  class  of  high-molecular-weight  compounds.  The  first 
poi>’mers  with  iaide  ri.ngs  in  the  chain  were  obtained  as  long  ago  as  the  beginning 
of  the  20th  century.  However,  only  after  the  development  of  a two-step  synthesis 
by  Che  Dupont  Co.  (USA)  in  the  late  195C's  did  polyimides  come  to  be  widely  stuaied 
and  applied.  At  the  present  time  they  are  being  successfully  adopted  in  Che  USSR, 
Japan,  England,  FRG  and  ocher  countries. 


Thanks  to  a valuable  combination  of  excellent  mechanical  properties  and 
exceptional  heat  resistance  and  thermal  stability,  polyimides  are  very  promising 
materials.  la  chemical  structure,  they  are  hscerochain  pol;raers  whose  linear 
chains  consist  of  aromatic  and  iaide  rings. 

The  starting  materials  for  the  svTichesis  of  polyimides  are  derivatives  of 
aromatic  tetracarboxylic  acids,  aromatic  and  aliphatic  diamines,  di-  ana  tetra- 
escers,  iiimiaes,  acid  cnlcrides,  and  diisocyanaces . 
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According  to  Cheir  necnod  of  prcparacion,  poiyiciides  aay  b«  divided  into  ivo 
najor  groups: 

wich  jiiphacic  units  in  the  aain  chain; 

viih  aromatic  units  in  the  main  chain. 

Ccmparing  the  physiccnechanical  properties  of  aror.acic  polyimides  with  the 
chemical  structure  of  a aononer  unit,  the  polyiai^es  studied  aay  be  divided  into 
four  aajor  groups. 

Polyiaides  or  the  first  group  contain  only  arocutic  rings  joined  to  each  other 
directly  b-*  iaide  rings.  They  are  rigid  ncnsoftening  polyaers  which  at  20®C  have 
an  elastic  nodulus  or  10'  kgf/cm'  and  at  i00*C,  over  3 :<  10*-  Icgf/aa“,  i.  e.  , higher 
than  Che  aajoricy  of  carbon  chain  polymers  at  ZO^C.  /187 

Polyiaides  of  the  second  group  include  pcl-,.Tners  with  heceroacom.s  in  the  di- 
anhydride component  which  join  benzene  rings,  rigidly  linked  by  imiue  rings  to  the 
aryl  radical  of  tne  diamine  component.  Pclyinides  of  this  group  do  net  melt  cr 
soften  either,  and  cheir  elasticity  is  low. 

Polyimides  of  the  third  group  contain  heteroatoms  only  in  the  diamine  component. 
These  polymers  form  rigid,  strong  and  elastic  films.  Their  elongation  at  rupture 
is  40-50"  even  at  -195’C.  The  elastic  modulus  increases  with  the  length  of  exposure 
to  hign  temperature.  Thus,  on  rapid  heatinf  to  400’C,  the  elastic  modulus  during 
the  first  rev  seconds  is  on  the  order  of  i.O  kgf/ma%  then  rapidly  increases  to 
100  kgf/mn“. 

Polyiaides  of  the  four-h  and  last  group  have  heceroacems  in  both  the  dian.ay- 
dride  and  diacir.e  component.  These  polynters  are  elastic  and  are  marked  by  the 
.ovesc  cer.sitv. 

The  production  of  articles  from  poiyi.mides  involves  major  technological 
diff iculti es.  The  latter  are  primarily  cue  to  the  necessity  of  removing  large 
amounts  of  solvent  (solutions  of  polyacido  acids  contain  no  more  than  20-30"  of 
dry  substance)  and  water  evolved  during  imidicacion. 

.As  in  the  case  of  epox:,*  resins,  direct  conversion  of  ccncentraced  solution 
of  polyarJ.do  acid  into  a polviaide  block  has,  for  all  practical  purposes,  not 
been  used  to  dace.  To  obtain  plastics  from  oolyimides,  the  poiyimido  acid  is 
usually  separated  from  the  solution  in  the  form  of  films,  powders,  or  coatings  or 
a glass  cape;  partial  or  complete  imidicacion  by  chemical  or  thermal  means  is 
carried  out,  then  the  material  is  processed  into  articles  by  molding  or  sintering. 

A whole  series  of  polyimide-base  binders  have  been  developed  for  fioer  class 
plastics.  Polyimide  binders  first  pro’-rided  for  a stable  structural  strength  of 
fiber  glass  plastic  at  eexperaturas  above  300'’C,  whereas  for  a fiber  glass  plastic 
based  on  the  traditional  phenolic  bi.nder,  the  ser'/ice  life  even  at  Z60'*C  is  only 
150  h.  The  physicotcechanicai  properties  of  fiber  glass  plastics  based  on  poly- 
Imiae  binders  are  listed  in  Table  31. 

Inta/esting  results  have  been  obtained  by  using  DFO  polyimide  as  binder.-" 

DFO  polyimide  softens  at  Z70*C  and  in  the  3CO-4CO*C  range  is  in  the  visccfluid 
state,  i.  e. . is  i thermepiasc.  Molding  material  based  on  it  is  obtained  by  ir- 
precnating  under  ?res.surc  a washed  and  calcined  glass  tape  with  a 151  solution  -f 
polyamido  acid, tnen  crying  and  heat-treating  in  a vacuum  while  gradually  raisin? 


In** 


:he  ceaperacure  co  300'*C.  Compression  molding  is  carried  ouc  a:  370-390*C  ac 
pressures  rrom  500  co  3000  kg?.'ca“  and  is  iolloweo  by  cooling  under  pressure. 
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Table  31 

Physicoaechanical  properties  of  fiber  glass  plastics  based  on  polyimide  bincers 


T 

1 

Brand 

of 

; poiyimide 
i binder 

Binder 
content 
of  li- 
ber 
glass 
plastic 
: 

Bending 

strength 

kg : / ma  - 

In  initial 
state 

After  thermal  aging  at  300* 

C .Mass 

' loss. 

at  10*Cl  at 
|300*C 

100  h 

' 500  h 

1000  h:i5C0  h 

2000  h 

. STP-l 

25-30 

55-70  128-33 

32-35 

■30-36 

25-30  15-23 

10-13  0.7' 

‘ StP-2 

25-30 

22  23 

14 

• 14 

14 

14  2.0 

' 3c?-3 

25-30 

36-24  123-25 

23-27 

23-32 

23-29  ■ 12-19 

1.0 

1 ST?- 5 

23-25 

65-67  130-36 

32-46 

: 32-*5 

1 35-37 

30-31  0.5 

f 3TP-6 

35-40 

32-37  ! - 

! 

31 

1 29 

26  ■ - 1 

■ 

Note.  Th.e  tests  were  performed  on  specimens  measuring  55  x 5 x 4 an. 


the  fiber  glass  plastic  obtained  Uas  the  following  physicomechanicai  properties 
(at  iOt  glass  fabric  content): 

Density,  g;‘ca^  1.90 

tlastic  modulus  at  20^C,  IC^ 

Sending  strength  at  20*C,  hgf/mia-  32.0 

Impact  strength  kg:  n/cm^ l.o-2.i 

thanks  co  its  comparatively  low  viscosity  (about  10“  ? at  3S0*C) , DFO  poiy- 
imide  can  be  processed  not  oniy  by  molding  but  ilso  die  casting,  testing  of  DFO 
polylmide  specimens  have  shewn  that  this  polvimice  has  a better  comblnacicn  of 
physicomechanicai  properties  than  all  existing  thermoplasts.  Its  Vick  tempera- 
ture is  3f>  C higher  chan  chat  of  the  most  heat-resistant  of  modem  chermc*5lAst3  - 
polyphenylene  oxide.  DFO  poiyimide  retains  hi;h  strength  and  rigidity  at* tempera- 
tures above  200*C,  wnexe  other  chermoplascs  cannot  withstand  minimum  mechar.lr.'^l 
loads;  it  is  extremely  resistant  co  uicraviolec  radiation.  On  irradiation  with 
a mercur^^  lamp  tor  2C0  h,  the  properties  of  the  DFO  film  remained  unchanged,  where- 
as simultaneously  tested  films  of  polyethylene , lavsan  and  capren  cricked  \nc 
completely  lost  their  elasticity. 

The  Dupont  Co.-*-  is  producing  in  experimental  quantities  the  plastic  Ve’Jpel. 
nonfilled  (SP-1)  and  rilled  with  152  graohite  (SP-2)  in  Che  form  of  Micks,  from 
which  parts  are  made  mechanically.  The  properties  of  SP-1  plastic  are  listed  139 
below. 


Density,  g/cm’  1.-.2 

Strength,  kgf/mn*: 

tensile  at  20*C  8.  “5 

tensile  at  250®C  5.30 
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Elastic  modulus,  10  “ kgf /am" : 


at  20^0  3.3 

at  250®C  1.34 

Strength,  icgf /aa“ : 

cooprassive  at  20^C  15.50 


3P  plastics  have  low  water  absorption  and  acid  resistance,  are  insoluble  in 
organic  solvents,  but  are  decomposed  by  strong  alkalis  and  superheated  stean. 

3P-2  plastic  is  used  in  the  manufacture  of  fuel  line  parts,  compressor  piston 
rings,  etc.  Tests  of  the  parts  have  proven  this  material  to  be  very  promising. 

Highly  promising  is  the  use  of  polyimides  as  solid  antifriction  materials 
requiring  no  lubrication.  The  use  of  polyi^iides  makes  it  possible  to  raise  con- 
siderably the  upper  limit  of  working  temperatures  and  the  permissible  ma.ximum 
loads  and  speeds.  Because  of  their  high  wear  resistance,  low  friction  coefficient 
(0.10-0.17  without  a lubricant)  and  high  mechanical  strength,  polyimides  are  used 
for  self-lubricating  sliding  bearings  designed  for  long  service  at  high  tempera- 
tures. In  their  wearing  characteristics,  pciyimices  considerably  surpass  teflon- 
base  materials.  The  best  antifriction  properties  are  exhibited  by  polyamide  filled 
with  fibrous  copper. 

32.  Thermoplasts  Reinforced  with  Glass  Fiber 

In  recent  years,  interest  in  reinforced  thermoplasts  has  been  steadily  in- 
creasing. The  positive  econotaic  aspects  of  their  die  casting  permit  their 
use  for  che  fabrication  of  stronger  parts.  Industrial  production  of  glass- 
filled  thermoplasts  was  first  started  in  1958;  two  brands  of  glass-filled  poly- 
amides were  fabricated.  In  recent  years,  Che  assortment  of  filled  thermoplasts 
has  expanded  so  much  that  over  1000  different  brands  are  now  in  existence.  AZ  the 
present  time,  almost  all  thermoplasts  can  be  filled  with  glass  fiber.  By  1970, 
tne  production  of  reinforced  thermoplasts  in  the  USA  had  increased  sevenfold 
over  1966. 

The  introduction  of  a glass  fiber  filler  into  thermoplasts  has  considerably 
extended  their  scope  of  application.  The  presence  of  excellent  physiconechanical 
properties  at  normal  as  well  as  elevated  and  particularly  subzero  temperatures, 
high  dimensional  stablli*  , rigidity,  low  density  and  small  shrinkage  all  per-  /190 

mit  the  use  of  these  materials  in  diverse  areas  of  technology.^ 

In  reinforcing  thermoplasts,  it  is  necessary  to  consider  all  the  factors  affect- 
ing the  oroperties  of  the  material,  chemical  nature  of  the  pol’/mer  and  filler, 
phase  state  of  the  polymer,  auhesion  of  the  pol'^nner  and  filler,  conditions  of  forma- 
tion of  the  filled  pol^-ner  from  solution  or  melt,  nature  of  treatment  of  the 
filler  iurface,  nature  of  its  distribution  in  the  polymer  mass,  etc. 

elnforcln/  with  glass  fiber  doubles  and  in  seme  cases  triples  the  breaking 
^tr-jnetn  of  most  polv—ers. 

The  dimensional  staoility  during  service  improves,  shrinkage  decreases,  water 
1*3  rtcion  crops  bv  25-SO",  and  the  coefficient  of  thermal  expansion  decreases  by 
1^;--".  IS  - npared  to  nonreinforced  thermoplasts . The  properties  of  glass-fiber- 
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relatorced  cr.erj'.op last s vlep^nu  to  .i  consiJerabie  decree  on  the  length  of  tr.e  glasi 
fiber  and  t>*pe  of  suing  igencs  exployea.  The  strength  of  a material  is  greater, 
the  longer  the  incivlcaai  g-i-.s  :iber  tireads.  However,  hocogeneous  cast  parts 

cannot  be  sade  when  t:;e  glass  fibers  are  Iona.  In  the  last  fev  years,  a short 
glass  fiber  0.7  rs  long  has  been  proposes  for  reinforcing  themcplasts.  Materials 
reinforced  witn  this  t>"pe  of  fiber  sre  tsore  easily  plasticizea,  so  that  lower 
pressures  and  tesperacures  nay  be  used  in  the  aanufacture  of  parts. 

The  opcir:ua  aaounc  of  glass  fiber  in  polvaaides  is  30-3311.  In  the  presence 
of  this  glass  fiber  content,  a fairly  high  strengthening  of  the  material  cakes 
place,  and  the  capacity  of  the  tuterial  to  be  processed  by  die  casting  is  preser*.'ed. 
Glass-filled  polyaaides  of  brands  66VS,  68VSM  and  I<V3  in  the  fora  of  granules  are 
produced  by  the  Soviet  industry.'. 

Ac  a conparacively  low  density  (1.35  g/ca^),  glass-filled  poly.inides  differ 
advantageously  fron  unfilled  ones  in  a wide  operating  ceaperature  range:  frea 

-60  CO  150-17C*C  under  load  and  froa  -200  to  20C"C  without  load.  Glass-filled 
polyaaides  are  characterized  by  high  strength  properties  and  a low  coefficient  of 
linear  e.xpansion  (1. 5-3.0)  :c  10”^’C“^,  so  that  they  can  be  used  for  a ccnparaclve- 
ly  easy  fabrication  of  parts  with  complex  ferrous  aetal  fittings. 

The  manufacture  of  semifinished  products  in  the  form  of  granules  makes  it  easy 
CO  process  them  by  the  usual  methods:  die  casting  and  extrusion  at  250-270*C  and 

a specific  pressure  of  1000-1400  kgf/cm~.  Glass-filled  polyamides  may  be  success- 
fully used  for  intricate-shaped  parts  instead  of  such  widely  used  fiber  glass 
materials  as  AG-4V  and  27-63V;  at  Che  same  time,  Che  labor  intensity  of  the  fabrica- 
tion is  reduced  by  a factor  of  o-lO. 

Glass  fiber  5 mm  long  is  introduced  into  polycarbcnata  in  amounts  up  to  30T. 

This  improves  its  mechanical  properties,  raises  the  upper  limit  of  working  tempera- 
tures by  15-20‘’C,  and  lowers  its  sale  price  by  25Ji  (Table  32).  In  Che  presence  of  /191 
a higher  glass  fiber  concent,  the  rigidity  and  hardness  of  the  polvnner  Increase, 
impact  strength  decreases,  density  increases  substantially,  and  processing  becomes 
more  difficult.  Glass-filled  polycarbonate  is  processed  by  die  casting. 


Table  82 

Physicomechanical  properties  of  glass-filled  polycarbonate 


' 1 

I Property  | 

Unfilled  poly-  i 

carbonate  ■ j 

Polycarbonate  i 

containing  30T 
glass  fiber 

1 Strength,  kgf/mm*-:  ] 

i 

: tensile  1 

5.5  , 

9.0  1 

; bending 

10.0  i 

14.5 

1 Tensile  elongation,  Z 

80  ■ 

3.0 

1 Modulus  of  tension,  10^  k^f/nm^  1 

2.2 

5.5  1 

1 Impact  strength,  kgf  ra/cm~  | 

0.45  ' 

1 Poisson's  ratio  1 

0.36  , 

0.27  1 

Fatigue  strength,  kgf/mm-  (based  on  , 

2.0 

2.5 

10'  cvcles) 

1 

Coefficient  of  linear  e:«pansion, 

: 60  X 10-’=’ 

1 

, 27  X 10-^ 

16  7 


Table  33 

Mechanical  properties  of  glass-filled  polyforaaldehyde  of  brand  Dyurakon  GR-29 


Property 

Filled  poiy- 
f ormaldehyde 

Unfilled  poly-  j 

formaldehyde 

1 

Tensile  strength,  kgf/ma^: 
at  23*C 

7.7 

6.2 

at  71*C 

4.7 

3.5 

Bending  strength,  kgf/mm^ 

11.0 

9.0 

Elongation  at  23*C,  % 

2 

60 

Modulus  of  tension,  10-  kgf/mm^; 
at  23*C 

7 

2.38 

at  7i'’C 

1 

4.99 

1.3 

1 

The  introduction  of  a glass  filler  into  polvtonaladehyde  pemits  a substantial 
ioprovenenc  of  the  strength  Indices,  heat  resistance,  and  particularly  dicensional 
stability  of  the  parts.  Usually,  10%  of  glass  filler  is  introduced,  this  aaount 
of  filler  being  sufficient  to  raise  the  tnaxinum  service  temperature  by  20-30"  and 
the  modulus  of  bending  by  a factor  of  over  2 (Table  83). 


Table  84 

Properties  of  glass-filled  pol’./propylene 


Property 

Concent  of  glass  filler,  Z 

20  1 40 

Strength,  kgf/am-: 
tensile 
bending 
compressive 
• Elongation,  % 

Heat  resistance  at  load  of  18.5 
i kgf/ca*,  *C 

4.9  ! 6.3 

4.9  j :.7  1 

4.2  4.9 

3 j 2 

140  150 

1 



Glass  fiber  filler  can  be  introduced  into  polypropylene  in  amounts  of  20-40S. 
In  comparison  with  other  glass-filled  thermoplasts,  polypropylene  has  the  advantage 
that  it  can  be  used  to  make  articles  of  intricate  shape  such  as  propellers  for 
boats  with  outboard  motors.  Glass-filled  polypropylene  can  be  processed  with  worm 
gear  c>*pe  casting  machines  under  the  following  conditions:  cylinder  temperature, 

220-240’C;  mold  temperature,  bO-80'’C;  specific  pressure,  700-800  kgf/cm*“.  The 
properties  of  glass-filled  pol>*propylene  are  listed  in  Table  34. 
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Chapcer  9 

TECHNOLOGY  OF  MANUFACTUP^  OF  SHI?  MACHINE-BL’ILDING  ARTICLES  FROM  TH£R>!OPLASTS 
33.  Stern  Hearings 

The  reliable  operation  of  stem  bearings  is  determined  in  most  cases  by  the  /193 

properties  cf  the  antifriction  materials  used  in  the  "propeller  - bearing  busn" 
friction  pair.  It  is  well  known  that  the  aaterial  used  for  propeller  shafts  is 
steel, lined  with  bronze  or  stainless  steel  in  the  region  of  the  working  necks.  A 
wide  assortment  of  materials  are  used  for  stem  bushings. 

Studies  have  shown*'^*  that  one  of  the  oromising  materials  is  caprolon. 

Stern  bearings  cade  of  caprolon  are  successfully  used  on  tugs,  icebreakers,  fish- 
ing trawlers,  and  crew  boats.  Caprolon  ensures  a reliable  operation  of  propeller 
shaft  bearings  with  linings  of  OTslO-2  bronze  and  stainless  steel. 

Use  of  caprolon  stem  bearings  reduces  the  mass  of  bearings  by  a factor 
of  2-3,  the  fabrication  labor  intensity  by  -C-50",  and  the  cost  of  bearings 
by  50-60r;. 

According  to  their  design  characteristics,  caprolon  sliding  bearings  may  be 
divided  into  the  following  types: 

t>*pe  I - bearings  in  the  form  of  a smooth  bush  pressed  into  a stern  bush- 
ing or  bracket  (for  shafts  30-120  cm  in  diameter); 

type  II  - bearings  in  the  form  of  a bush  with  a flange  pressed  into  a 
stern  tube  or  bracket  (for  shafts  30-500  cm  in  diameter); 

type  III  - bearings  in  the  fora  of  a smooth  bush  pressed  into  a cetal 
bushing  (for  shafts  250-500  cm  in  diameter) ; 

type  IV  - bearings  in  the  fora  of  several  smooth  bushes  pressed  into  an  /19L 

intermediate  bushing  (for  shafts  260-500  mm  in  diameter); 

t>*pe  V - bearings  with  a set  of  bushes  made  of  caprolon  places  (for  shafts 
200-500  mm  in  diameter). 

Caprolon  sliding  bearings  are  prepared  by  free  casting  followed  by  mechanical 
treatment.  The  articles  are  cast  in  open  and  closed  type  molds.  The  selection  of 
Che  type  of  casting  mold  Is  determined  by  Che  batch  production  of  the  cast  parts 
and  Che  volume  of  mechanical  treatment  of  the  castings.  In  single-unit  or  small- 
batch  production,  the  casting  is  made  in  open  molds  cf  simplified  design.  In  the 
manufacture  of  large  series  of  bushings,  it  is  desirable  to  cast  them  by  centrifugal 
casting.  The  casting  acids  should  be  made  of  a material  that  is  chemically  resistant 
CD  the  action  of  the  alkaline  caprolactam  solution,  thermally  stable  at  tempera- 
tures up  to  250^C,  and  suffitiencly  resistant  to  the  loads  arising  in  the  course 
cf  shrinkage  of  the  material  and  during  -unmolding. 

Parcs  of  Che  mold,  i,  e.,  internal  cores  and  flanges  subjected  to  loads  during 
unmolding,  are  made  of  stainless  steel;  parts  shaping  the  outer  surface  of  tne  cast- 
ing are  made  of  aluminum  alloys  to  reduce  the  mass  of  the  molds.  In  designing  the 
molds,  it  Is  necessary  to  consider  the  shrinkage  of  the  material  in  the  course  of 
polymerization,  crystallization  and  cooling. 

The  shrinkage  of  finished  articles  is  as  follows: 

in  open-mold  casting  - 3.5— i.Sil  along  the  outside  diameter,  2-2.52  along  the 
inside  diameter,  and  5-7Y  along  the  height; 

in  closed-mold  casting  - 2-2.57.  along  the  outside  and  inside  diameters  and  52 
along  the  height."^ 
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Caprolon  castings  obcalned  by  the  trae-castin§  :aethod  are  subjected  to 
sechaaical  vockinii  and  asseaiblei.  Mechanical  working  is  done ’with  standard 
aecal-cuctiag  equipcenc.  Caprolon  is  satisfactorily  worked  vitn  all  types  of 
retal-working  tools. 

The  technology  of  mechanical  working  is  determined  by  the  structural  type  of 
the  bearing.  For  example*  the  working  of  type  I and  II  bearings  includes  pre- 
treatment  of  the  blank  along  the  outside  and  inside  diameters  and  ends,  finish- 
ing of  Che  opening  and  ends,  as  well  as  finishing  of  outside  fitting  diameter. 

Type  III  bearings  are  worked  by  pressing  caprolon  bearings  into  an  incer- 
aediate  aecal  bush,  then  the  fitting  points  of  the  intermediate  bush  and  side 
pockets  are  finished.  The  opening  is  finished  according  to  the  drawing  only  when 
Che  bearing  has  already  been  mounted  in  the  stern  tube. 

Fitting  of  a caprolon  stem  bearing  consists  in  pressing  caprolon  bushes 
into  an  intermediate  (metal)  bush.  The  pressing  may  be  carried  out  with  hydraulic 
and  manual  presses  as  well  as  clamping  devices. 

The  mounting  of  caprolon  stem  bearings  sec  up  in  the  intermediate  metal  bush 
and  caprolon  bearings  - bushes  pressed  directly  into  the  stem  tube  - is  done 
accordir.g  to  the  process  flow  diagram  used  for  mounting  mbber-mecal  bushes  and 
ocher  materials  by  means  of  special  devices.  Vhen  caprolon  bushes  are  pressed 
directly  into  the  stem  cube  (without  an  intermediate  metal  bush),  it  is  necessar.* 
CO  cake  all  steps  to  procecc  Che  surfaces  of  che  bushes  from  mechanical  damage. 

In  caprolon  bearings,  the  mounting  clearance  decreases  after  che  ship  is 
launched  because  che  material  swells.  During  che  first  month,  che  swelling  takes 
place  fairly  rapidly,  and  during  che  subsequent  months  and  years,  slowly.  Swell- 
ing of  che  bearings  compensates  their  wear  during  che  first  three  to  five  years 
of  operation.  At  che  same  time,  swelling  of  che  bearing  appreciably  decreases 
the  mounting  clearance  when  the  ship  is  afloat  and  should  be  taken  into  account 
when  drilling  the  inside  diameter  of  che  bearing  prior  to  launching.  For  ex- 
ample, for  a nominal  bearing  diameter  of  40  mm,  che  bearing  is  drilled  to  a size 
of  40.3  z 0.5,  which  provides  for  a sufficient  clearance  in  che  first  period  of 
che  most  incense  swelling  of  che  bearing  and  for  its  preser*/acion  during  subse- 
quent years  of  ser/ice. 

Quality  control  of  caprolon  castings  is  accomplished  by  ultrasonic  and  x-ray 
methods.  The  ultrasonic  method,  which  is  most  promising  for  large-sized  castings, 
involves  the  use  of  Che  sane  instruments  as  in  quality  control  of  fiber  glass 
plastics:  DUK-L7,  DUK-66,  etc.  The  x-ray  method  is  used  mainly  for  control  of 

castings  up  to  200  ma  chick  by  means  of  RUT-60-20-1  units  using  3PV-60  x-ray 
tubes.  These  control  methods  make  it  possible  to  detect  such  defects  as  cavities, 
cracks  and  pics. 

34,  Ship  Piping 

The  chief  cause  of  premature  failure  of  metal  piping  is  the  action  of  sea- 
water, which  is  very  corrosive,  on  their  inner  surface.  The  use  of  poi>*mers  cf 
high  corrosion  resistance  for  the  main  components  of  piping,  i.  e.,  cubes  and 
fittings,  is  of  definite  interest,  since  it  permits  an  increase  in  their 
durability. 
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At  the  present  tiae,  in  addition  to  the  use  of  steel  tubes  with  protective 
coatings,  polyethylene  tubes,  which  have  a high  corrosion  resistance  and  a small 
mass,  nave  found  use  in  individual  shipbuilding  systems. 

In  foreign  shipbuilding,  tubes  made  of  pol’/vinyl  chloride,  polyethylene  and 
polypropylene  are  used  for  cooling  systems  of  storage  batteries,  washing  off 
radioactive  deposits,  and  for  cold  and  hot  water  supply  systems  at  whaling  bases. 

The  Soviet  industry  has  mastered  the  manufacture  of  extruded  tubes  of  low 
and  high  density  polyethylene.  The  tubes  are  produced  in  three  series.  They  are 
designed  for  long-term  service  at  an  internal  pressure  of  6.0  and  10  kgf/ca-."'' 
Tubes  of  polymer  materials  combine  a high  corrosion  resistance  with  an  adequate 
erosion  resistance  in  a medium  of  high-speed  seawater.  For  this  reason,  the 
permissible  velocity  of  water  in  tubes  made  of  plastics  or  metal  tubes  lined  with 

plastics  is  5.0  m/sec  versus  1.2  m/sec  for  copper  tubes  and  3.0  a/sec  for  steel 

ones.  Hence,  when  tubes  of  polymeric  materials  are  used,  the  overall  dimensions 
of  the  systems  may  be  substantially  reduced. 

A successful  combination  of  the  mechanical  strength  of  the  metal  shell 

and  high  corrosion  resistance  of  the  polymer  can  be  ac.hieved  by  using  metal  tubes 

lined  with  polyethylene  tubes  on  the  inside.  The  metal  tubes  are  lined  by  combined 
mandrel-free  drawing  of  the  metal  and  plastic  tube  (for  small-diameter  tubes)  or 
by  reducing  the  lining  insert. 

The  lined  cubes  are  bent  and  flanged  for  joints  by  means  of  standard  equip- 
ment used  in  a copper  cube  plant.  The  components  of  branches  are  made  i.".  the  form 
of  shaped  parts  whose  metal  housings  are  lined  with  polymers  by  die  casting.  The 
cubes  are  designed  for  long-term  seir/ice  in  sea  and  fresh  water  at  pressures  up 
to  10  kgf/cm“  and  temperatures  up  to  65®C.  Piping  made  of  lined  tubes  is  used  at 
the  "Vostok"  fishing  base  and  ocher  ships  of  the  fishing  fleet. 
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Chapter  10.  POL'i’MERIC  COATINGS  USED  IN  SHIP  MACHINE  BUILDING 
35.  Coating  Materials 

Polyethylene  is  a typical  cherrtoplast ; its  industrial  production  was  first 
set  up  in  193S  in  England  and  in  1939  in  Gemany. 

Three  types  or  polyethylene,  low,  high  and  nediun  pressure,  found  technical 
application  (Table  S5).  For  coatings,  it  is  best  to  use  high  pressure  polyethylene 
(HPPE) , which  forms  coatings  by  the  particle  fusion  method  more  easily  than  the 
other  types.  In  addition,  HPPE  has  the  highest  resistance  to  thermal  oxidative 
degradation  and  light  aging.  Polyethylene  coatings  protect  articles  from  the  ac- 
tion of  corrosive  media  and  have  attractive  physicoaechanical  and  electrical  insula- 
tion properties.’* 

The  high  chemical  stability  and  water  resistance  of  polyethylene  are  due  to 
its  high  crystallinity  and  close  packing  of  macromolecules  in  regions  or  crystalline 
formations . 

The  introduction  of  fillers  (glass  fiber,  ticaniu.m  oxide,  aluminosilicate) 
into  polyethylene  substantially  improves  its  strength  characteristics.  The  highest 
strength  is  exhibited  by  compositions  with  glass  fiber  5 mm  long  at  up  to  20% 
content.  The  water  absorption  of  the  coating  Increases  when  the  filler  content  is 
above  302,  Indicating  a loosening  effect  of  the  filler  on  the  packing  of  macro- 
chains  at  Che  phase  boundary. 

In  hardness  and  decorative  appearance,  polyethylene  coatings  are  inferior  to 
many  ocher  polymeric  coatings.  Their  chief  disadvantage  is  a pronounced  cracking 
tendency  during  service. 

Table  85 

Properties  of  polyechylenes 


1 Property 

High  pressure 
polyethylene 

Low  pressure 
polyethylene  ' 

‘ Density,  g/ca^ 

0.92-0.94 

0.94-0.96  ' 

, Molecular  mass 

10,000-45,000 

70,000-400,100 

! Degree  of  crystallinity,  % 

Temperature  limits  of  application,  ®C: 

53-67 

80-90  ; 

i 

upper 

85 

110 

iower 

-70 

-65 

Tensile  strength,  kgf/ca*^ 

120-150 

220-230 

; Elongation  at  rupture,  % 

150-600 

200-300  1 

Modulus  of  tension,  kgf/ca- 

1,500-2,500 

3,000-10.000 

Dielectric  loss  tangent  at  10®  Hz 

(2-5)  X 10-* 

(2-4)  X 10--  1 

In  ship  building,  polyethylene  is  used  for  protecting  piping,  drinking  water 
tanks  and  ocher  equipment. 

Polyvinyl  bucyral  (Butvar)  is  a polyvinyl  acetal  - a derivative  of  polyvinyl  ai 
hoi.  It  is  obtained  by  condensing  poiwlnyl  alcohol  with  butyraldehyde  in  the 
presence  of  hydrochloric  acid.  PoL/'vinyi  butyral  is  an  amorphous  white  powder  con- 


taining  73.1i  bucyral  and  and  acetace  groups.  Ic  is  produced  in  plascicized 

and  unplascicized  fora.  Flexible  (plasticized)  polyvinyl  bucyral  contains  16-18% 
plasticizer  (dibucyl  phthalate,  dibucyl  sebacace,  etc.),  vhose  introduction  aakes 
Che  film  highly  flexible  one  cold  resistant. 

The  oropercies  of  rigid  and  plasticized  poivvinvi  butvral  are  listed  in  Table 
•36. 


Polyvinyl  butyral-base  coatings  are  characterized  by  high  ataospheric  resistance, 
stability  to  ozone,  and  good  wear  resistance.  The  coatings  are  gas  and  oil  resistant: 
after  being  kept  in  aineial  oil  for  7 years,  the  sartples  retain  their  original 
properties. 

In  shipbuilding,  polyvinyl  butyral-base  coatings  are  used  for  parts  to  give 
the  latter  protective  and  d.  orative  or  insulating  properties. 


The  coatings  work  well  in  dry  and  aoist  air,  sea  fog,  oil  and  fuel  necla  at 
teeperatures  up  to  60*C. 

Poi’-n/inyl  butvral  may  be  used  to  obtain  coatings  of  different  colors.  The 
pigments  used  for  pol;/vinyi  butyral  are  zinc  oxide,  titanium  dioxide,  ocher,  ultra- 
marine, gas  black,  etc. 

Table  86 

Physicoxechanical  and  electrical  properties  of  polwinyl  butyrals  /199 


1 

Polyvinyl  butyral 

Rigid 

Plasticized  ‘ 

1 

' Density,  g/ cm^ 

1.07-1.1 

1.05  j 

Tensile  strength,  kgf/ca^ 

280-500 

140 

Elongation,  % 

5-15 

150-400 

Elastic  modulus,  10^  kgf/cm- 

0.20-0.24 

1 

Martens  tenoerature,  °C 

48-54 

1 

1 Coefficient  of  linear  expansion, 

8 X 10-S 

1 

' Water  absorption,  % 

1.0-3. 0 

1. 0-2.0  1 

Dielectric  constant  at  10®  Hz 

2. 8-3. 3 

3.92  ! 

Dielectric  loss  tangent  at  10®  Hz 
Volume  resistivity,  ohm  cm 

0.0065  ■ 

0.C6  ' 

1 
1 
1 

The  best  coating  quality  is  given  by  ’’slit"  poly/invl  bucyral,  whose  melt 
spreads  well  over  surfaces  thanks  to  a lower  viscosity.-^ 

The  coatings  are  applied  by  gas-flame,  jet  and  vibrovortex  spraying,  spraying 
in-  an  electrostatic  field,  and  other  aethods. 

Pencapiast  is  a thermoplastic  cr^.'staliiae  polymer.  Its  high  chlorine  content 
(-5.5%)  and  ver^.'  dense  cr>*scai  structure  provide  for  an  exceptional  chemical  inert- 
ness and  resistance  to  solvents.  The  chloromethyl  groups  of  the  poi^Tcer  are  linked 
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CO  chose  carbon  acorns  cf  che  nain  chain  where  there  are  no  hydrogen  aeons  near  r.earby 
Cn  hearing,  chis  precludes  Che  detachcenc  of  hydrogen  chloride,  which  usually 
acceleraces  further  cherraai  degradacion  and  gives  pencaplasc  a high  chernal  scabilicy 

Pencapiasc  is  narked  by  high  water  resistance,  strength,  hardriess,  and  low 
coefficient  cf  friction.  The  water  absorption  of  pencapiasc  after  360  days  *s 
O.IT,  and  che  nechanicai  properties  and  dimensions  of  che  articles  remain  constant 
after  exposure  to  water  for  a long  cine.  It  has  high  cheoical  stability,  wear 
resistance  and  e.xcellent  dielectric  properties. 

The  physicocechanical  and  electrical  properties  of  pencapiasc  are  given  below. 


Density,  g/cm^  1.4 

Strength,  kgf/cm^: 

tensile  400 

compressive  750-900 

static  bending  680-700 

Elongation  at  rupture,  T 30-50 

Specif J-  impact  strength,  kgf  cm/wa" 40-80 

Marte.ns  temperature , ’C  45 

Elastic  modulus,  kgf/cm-: 

at  -60*C  53,000 

at  20*0  10,000 

at  S0®C  5,000 

3rineil  hardness,  kgf/  ma*- 13 

Vater  absorption,  " 0.01 

Coefficient  of  linear  thermal  expansion,  *C“*  (3-11.5)  x 10“^ 

Volume  electrical  resistivity,  ohm  cm 1 x 10^^ 

Surface  electrical  resistivity,  ohm  5 x 10*”* 

Dielectric  permeability: 

at  50  Hz  3.1 

at  10®  Hz  2.8 


The  formation  of  pencapiasc  coatings  is  complicated  by  the  crystallization 
process,  which  affects  many  properties  of  che  films,  the  magnitude  of  internal 
stresses,  and  the  adhesion  of  che  coating  to  the  metal  surface.  Pencapiasc  in 
coatings  is  usually  in  the  crystalline  state.  3y  changing  che  conditions  of  their 
formation,  one  can  control  che  ^r^/scallization  rate  and  degree  of  crystallinity 
of  che  polymer,  and  hence,  c’  .ge  its  mechanical  properties  and  create  conditions 
for  the  formation  of  high-quality  coatings. 

Studies  have  established  that  by  changing  the  conditions  of  cooling  of 
che  coating  (cooling  in  air,  rapid  cooling  in  water,  slow  cooling  in  air),  one 
can  obtain  a polymer  with  a degree  of  cir.'scallinicy  from  0 to  28*.  Sudden  cool- 
ing of  che  pol;rmer  heated  above  the  melting  point  of  the  crystalline  phase 
stabilizes  a considerable  concent  of  the  amorphous  phase  and  Is  called  quenching. 

Quenching  in  water  followed  by  slow  crystallization  at  20-25*C  to  16?  crystal- 
linity permits  one  to  obtain  coatings  with  no  internal  stresses,  no  shrinkage 
after  removal  from  substrate  and  high  adhesion  to  the  metal  surface. 

.n  air  cooling  to  the  same  degree  of  crystallinity,  the  internal  stresses 
formed  decrease  the  adhesion;  on  slow  cooling  in  air,  the  increase  in  internal 
messes  is  sc  appreciaole  that  the  adhesion  practically  drops  to  zero. 
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Thus,  che  opcicua  concicions  of  formation  of  coatings  Induce  Doligacory 
quenching  with  a temperature  difference  frco  200  to  20*C  followed  by  slow 
crystallization  of  the  pol>'aer.  During  the  crystallization  of  the  pol>mier, 

carried  out  by  keeping  che  latter  for  at  least  2a  h at  20-25*C,  relaxation  of  1 

internal  stresses  takes  place  without  weakening  the  adhesion  of  the  film  to  i 

Che  substrate. 

Pencaplast,  a rigid  crystalline  polvnaer,  has  high  heat  resistance  but  in-  1 

sufficient  elasticity  and  cold  resistance.  The  glass  transition  temperature  cf 
amorphous  segments  of  pencaplast  ranges  from  -5  to  7.5®C. 

In  che  temperature  range  from  0 to  20*C,  a marked  change  cakes  place  in  che  /201  ! 

deforrcational  and  strength  properties  of  pencaplast:  the  impact  strength  of  the 

specimens  at  0®  is  10  kgf  ca/ca“,  versus  14G  kgf  ca/ca“  at  20®C.  \ 

The  introduction  of  liquid  plasticizers  (dodecyl  phchalace,  dibutyl  sebacate)  ^ 

into  pencaplast  leads  to  a certain  iaproveaent  in  impact  load  resistance  and  j 

lowering  of  the  brittle  point.  j 

Pencaplast  is  used  for  coating  various  parts  used  in  ship  oachine  building.  j 

To  protect  articles  used  under  tropical  conditions,  practical  application  of  \ 

pencaplast  is  possible  only  if  che  stabilization  problem  is  solved,  since  in  the  \ 

unscabilized  polymer,  elevated  temperatures  or  ultraviolet  irradiation  in  air  give  ; 

rise  to  extensive  changes  which  i.mpair  Che  initial  physicotnechanical  properties  of  j 

pentaplasc.  . 

Polvamides  are  heterochain  polymers  containing  amide  repeating  groups 
-C-XH-  in  che  main  chain  of  the  macrcmolecule . 

0 


In  hardness,  mechanical  strength,  heat  resistance  and  adhesion  to  surfaces, 
polyamide  coatings  surpass  polyethylene  ones.  However,  because  of  insufficient 
moisture  resistance,  they  are  not  used  as  anticorrosive  and  weatherproof  coatings, 
but  primarily  as  wear-resistant  ones. 

Polyamide  coatings"*^  should  be  used  between  -**0  and  100*C.  Prolonged  exposure 
to  atmospheric  oxygen  above  100*C  leads  to  a marked  decrease  in  che  mechanical 
strength  and  adhesion  of  che  coatings.  When  the  parts  are  used  in  oil,  a tempera- 
ture of  130-140*0  is  permissible.  At  room  teziperature , coatings  320-340  .m  chick 
provide  protection  for  60  days  in  distilled  water  and  seawater.  Ac  higher  tempera- 
tures, polyamide  coatings  swell  considerably,  lose  their  adhesion  and  peel  off. 

The  properties  of  polyamides  are  zcnsiderabiy  improved  by  the  introduction  cf 
various  fillers  - graphite,  talc,  molybdenum  disulfide,  glass  fiber,  etc.  *?.•.« 
filler  is  introduced  in  amounts  up  to  10’  by  mi.xing  manu.iily  or  in  ball  mills. 

Polyamide  coatings  are  applied  by  spraying,  i.  e. , flame,  electrostatic,  vibro- 
vortex  spray  coating  and  other  methods.  Of  fundamental  importance  in  the  technology 
of  production  of  polyamide  coatings  are  the  cooling  conditions.  Depending  on  the 
purpose  of  che  coatings,  various  cooling  conditions  may  be  chosen.  If  high  wear 
resistance  is  required,  the  coating  should  be  heat-treated  in  an  organosilicon 
liquid  or  mineral  oil  prior  to  the  tooling.  5uch  treatment  promotes  crystalliza- 
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cion  ot  che  polymer,  increases  har--ness  and  decreases  the  coefficient  of  sliding 
rricclon  and  xoiscure  absorption  of  che  film.  To  obtain  elastic  and  flexible 
coatings  of  improved  adhesion,  rapid  cooling  of  the  article  is  required  (quench-  /202 
ing  in  cold  or  mineral  oil) . 

Epoxy  compositions  have  been  included  among  powder  coatings  cccparaciveiy 
recently  and  have  already  found  application.  This  is  explained  by  che  following 
advantages  of  epoxy-base  coatings  over  other  powder  ccnposicions  and  materials: 

che  films  are  formed  at  lower  temperatures  (100-2Q0®C) ; 

che  properties  of  che  coatings  may  vary  with  che  chemical  composition  of  che 
materials  (brand  of  epoxy  resin  and  curing  agent) ; 

the  coatings  are  characterised  by  stronger  adhesion; 

attractive  protective  properties  are  obtained  with  a small  thickness  of  che 
coating. 

£po:cv  coatings  are  obtained  bv  using  powder  compositions  based  on  resins  of 
brands  E-40,  E-05,  E-41,  E-33,  ecc’. 

Epoxy  resins  in  powder  systems  are  cured  primarily  by  using  the  following 
curing  agents:  cyanamides,  complex  compounds  of  boron  trifluoride  ’with  amines, 

aromatic  amines,  anhydrides  of  polybasic  organic  acids,  etc. 

The  coopcsition  of  epoxy  materials  include  modifiers,  fillers,  and  pigments. 

.■Vmong  modifiers,  the  one  used  most  e:<tensively  is  pol;/\inyi  butyral,  introduced 
in  che  amount  of  5Z, 

The  fillers  and  pigments  introduced  into  powder  systems  should  be  stable  to 
heat  and  inert  to  curing  agents,  and  be  capable  of  becoming  highly  dispersed  dur- 
ing the  preparation  of  powders.  Thixotropic  agents,  which  control  che  viscosity 
and  spreading  of  the  melts,  must  be  introduced  into  pcvder  ccmpositions  to  ensure 
che  quality  of  the  coatings. 

Epoxy  coatings  are  characterised  by  high  adhesion,  mechanical  strength,  dis- 
tinctive electrical  insulation  properties,  and  chemical  stability.  They  are  stable 
to  water,  oils,  and  fuel.*^ 

Powdered  epoxy  compositions  can  be  applied  in  different  ways,  but  the  vortex 
and  electrostatic  methods  are  most  ccnaonly  employed.  They  adhere  to  vertical  vails 
practically  without  running  even  when  subjected  to  considerable  overheating  and 
present  in  large  thickness,  and  undergo  practically  no  oxidative  degradation. 

Powdered  epoxy  coatings  with  fillers  (titanium  oxide,  aluminum  powder)  ars 
coraoonly  employed  for  protecting  equipment  and  piping  used  in  seawater. 

Recently,  extensive  studies  have  been  conducted  for  che  purpose  of  increasing 
the  elasclcicy  of  epoxy  resins  through  modification  with  polyamides,  rubbers,  anc 
fluoroplasClcs , for  example,  Che  epoxy-Novolac  block  copolymer  (ENBC). 

To  increase  Che  elasticity  of  films  and  coatings  based  on  epox>—Novolac  resins, 
use  is  made  of  various  oligomer  and  pol;/mer  materials  as  modifiers;  polyethers, 
rubbers,  ?olv'/inyl  bucyrals,  and  fiuorinated  hydrocarbons . ,203 

The  reaction  of  che  epox*/  groups  of  with  the  carboxyl  groups  of  rubber 

involves  Che  formation  of  a ternar/  eporcy-.'icvolac-rubber  block  copol;,rmer-  It  has 
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been  found  thac  as  the  aziounc  of  rubber  increases,  che  elastic  properties  of  the 
fiins  iaprove,  while  their  strength  properties  decline.  The  optitsua  conbinacion 
of  elasticity,  strength  and  content  of  the  insoluble  component  are  exhibited  by 
films  containing  50-100%  rubber. 

Coatings  based  on  these  compositions  have  a nice  appearance,  high  values  of 
phvsicomechanical  properties  Celasticicy,  shock  resistance,  adhesion)  and  attractive 
dielectric  properties,  and  retain  these  Indices  when  used  in  seawater. 

Combining  che  block  copolymer  and  42V  f luoroplascic  in  the  presence  of  che 
catalyst  triethanolamine  formed  FEN  lacquers  in  which  che  ratio  of  che  initial 
components  EN3C  and  42V  f luoroplascic  Is  1:2  and  1:2.5. 

Coatings  and  films  based  on  FEN  lacquers  are  elastic,  weatherproof , water  and 
heat  resistant,  and  possess  excellent  physicomechanical  and  insulating  properties 
(Table  87) . 


Table  37 

Properties  of  films  and  coatings  based  on  che  epoxy-Novolac  block  copol^nter  and 
compositions  based  thereon 


Property 

ENBC 

KZN-50 

KTN'-ICO 

FEM-42V 

; Film  density,  g/cm^ 

1.4 

1.2 

1.25-1.3 

. Tensile  strength,  kgf /cm ^ 

1200 

250-330 

190-220 

350-370 

Elongation,  X 

1-2 

15-20 

35-95 

60-65  1 

1 Impact  resistance  measured 

with  0-1  instrument,  kgf  cm/cm 

Not  resist* 
ance 

50 

50 

50 

Flexibility  measured  with 
Sh'0-1  instrument,  mm 

Same 

1 

1 

1 

1 Relative  hardness 

0.95 

0.7 

0.46 

0.5  1 

1 Water  absorption  after  30 

davs , I 

0.4 

' 

1.0-1. 2 

0.5-0. 6 

1 

1 Volume  electrical  resistiv- 

^ icy,  ohm  cm 
I 

10*5 

4 X 10*5 

2.5  X 10‘- 

3 X 10*“  i 

j 

Epox^/f luoroplascic  coatings  combine  the  high  mechanical  and  adhesive  strength 
of  epo:cy  resins  with  che  elasticity  of  F-42  fluoroplascic.  Thev  harder,  at  elevated 
and  room  temperatures  and  adhere  strongly  to  metals.  The  properties  of  epox;.*- 
fluoroplascic  films  and  coatings  are  listed  belov. 

Tensile  strength,  kgt/ca^  

Elongation,  % 

Water  absorption  after  30  days,  % 

Impact  resistance  measured  with  U-1  instrument, 

kgf  cm/ cm^  

Flexibility  measured  with  ShC-1  instrument,  mm  . 

Volume  electrical  resistivity,  ohm  cm  


4G0-a50  /204 

200 
0,6 

50 

1 

6 X 10*  - 


Az:onig  poiv'seric  rnacerliis  usei  as  procaccive  coaciags,  ool-mrethanes  hold  a 
spactai  position  because  of  cheir  exclusively  high  elascicicy.  This  results  in 
an  exceptionally  high  resistance  of  coatings  based  on  then  to  abrasive  and  hvdro- 
abrasi-'e  erosion  and  also  to  cavicationai  forces. 

Such  coatings  are  better  able  than  others  to  vithstand  multiple  alternating 
ietornations , heav-y  vibrational  loads,  and  snarp  ter.perature  fluctuations.  Also 
of  raajor  interest  are  their  sound-absorbing,  damping  and  ablative  properties. 

A.  L,  uabutin"®  has  developed  a whole  series  of  liquid  rubber-coating  composi- 
tions (5KU-7,  SKU-8,  etc,)  based  on  polyesters,  but  the  best  cocbinacion  of 
properties  is  exhibited  by  compositions  based  on  SKU-PFL  rubber.  SKl’-PFL  mixed 
with  the  ’Ailcanizing  agent  3 ,3' -dichloro-l  ,4' -dlo-cinodiphenylaechane  (Diainec  X) 
and  catalyst  oleic  acid  yields  elastic  coatings  which  surpass  anv  ocher  polyrteric 
materials  in  wear  resistance. 


The  preparation  of  working  ccmpositicns  consists  in  mixing  the  components  be- 
..ore  the  tontacion  of  the  coatings.  To  provide  for  the  required  adhesion  and 
water  resistance  of  the  coatings,  the  rubber-coacing  cocpositions  are  applied  on 
a priming  layer  providing  an  additional  barrier  to  moisture,  which  diffuses  through 
the  polyurethane  coating  film. 


The  physlcocechanical  properties  of  files  and  coatings  based  on  S>rJ-?FL  rubber 
are  listed  in  Table  88.  The  chesiical  stability  of  films  prepared  fraa  SKU-?FL 
is  low,  but  they  resist  the  action  of  tianv  dilute  acids,  alkalis,  and  mineral 
salts. 


Liquid  nairl ts  are  low-xolecular  rubbers, 
degradation  of  chioroprene  rubbers. 


obtained  by  chemical 


A mass-produced  rubber  Is  nairit  A.  To  increase  the  solubility,  the  required 
amount  of  sulfur  is  introduced  in  the  form  of  a solution  in  mineral  oil  or  as  an 
aque  us  dispersion.  Oil  and  disperse  nairits,  respectively,  are  thus  obtained, 
which  undergo  degradation  more  readily  chan  ocher  types  of  nairit  in  the  course  of 
rolling  in  the  presence  of  tetraethylthiuram  dls-iifide  (thiuram  E>  with  the  forma- 
tion or  low-molecular  products.  Soluble  low-molecular  elastomers  suitable  for 
use  as  r lla-rorming  substances  are  tr.us  obtained.  Vulcanized  coatings  oased  on 
then  possess  e.xceUenc  physicomechanical  properties  and  retain  the  oil  resistance 
char acte' istic  of  chioroprene  rubbers. 

Cr'/Svailizing  nairit  of  brand  NT  Is  the  product  of  poi\'merizacion  of  chlorc- 
prene  under  special  conditions.  Nairit  of  brand  NT  decomposes  to  rerm  low- 
mo. ecular,  readily  soluble  products  used  as  base  for  rubber-coating  compositions. 
These  products  retain  their  ability  tc  crystallize  at  room  temperature;  coatings 
based  on  them  may  be  used  in  ’/ulcanized  as  well  as  unvulcanized  form,  so  that  their 
scope  of  application  is  naturally  expanded. 


The  solubility  of  liquid  nairits  Is  so  high  chat  65-67T  solutions  of  rubber 
mixtures  based  on  them  have  the  consistency  of  ordinar/  oil  paint  and  can  be 
applied  with  a brash. 


..oatings  based  on  -iquid  nairits  lo  not  have  the  necessarv  adhesion  tr  metal 
and  are  applied  on  primers,  the  most  userui  of  which  is  chlorinated  nairit  primer. 
i.he  primer  may  be  appliec  on  the  surface  with  a brush,  by  spraying,  dipping,  and 


pouring.  I-  provides  cor  strong  adhesion  oc  nairic  coatings  to  bocn  ferrous  and 
nonferrous  tecals. 

Achesion  or  nairir  coatings  to  netals  is  also  provided  by  achesives  - Icuconate 
and  38-N'.  However,  leuconate  quiclciy  reacts  with  moisture  and  can  therefore  be 
used  only  when  the  husiidicy  does  not  exceed  65-’!.  Moreover,  it  does  not  create  an 
additional  barrier  to  the  penetration  of  water  and  electrolyte  solutions  to  the  meta 
83-N  adhesive  is  free  of  these  disadvantages,  but  its  application  is  limited 
by  its  short  working  life. 


Table  83 

Physicor.echanical  properties  of  films  and  coatings  based  on  SKU-PrL  polyurethane 


Property  | 

i ' 1 

Vulcanization  j 

at  20*C 

at  120'C  j 

' Film  density,  g/cm^  I 

1.1 

i 1.1  ! 

■ Breaking  strength,  kgf/ca-  ' 

150-250  ! 

200-350  1 

' Elongation,  T 

350-450 

! 400-430  i 

j P^esidual  elongation,  T 

2-3  J 

5-210 

' Shore  hardness,  kgf/cm^ 

31-36  i 

33-91  ' 

Brittle  point,  “*0 

-70  1 

-70 

' Flexibility  measured  with  5hC-l 

' 1 1 

instrument,  mm  | 

' Impact  resistance  measured  with  U-1  j 

50  1 

50  j 

instrument,  kgt  cm/cm-  i 

i Water  absorption  after  30  days  at  ' 

2 

1 ' 

' :o*c,  r, 

’ Gas  and  oil  resistance  at  20"C  j 

1 Sacisf. 

ictorv 

} Dielectric  properties  at  50  Hz:  1 

1 dielectric  loss  tangent  i 

i 0.036  ' 

1 1 

1 dielectric  ronstant  ! 

! 4.2 

1 

Volume  resistivitv,  ohm  cm  1 

lO'"* 

1 

' Breakaown  voltage,  kV/am  | 

22 

i 

Cold-dried  unvulcanired  coatings  with  liquid  NT  nairic  base  are  devoid  of  / 
elastic  properties  and  have  a comparatively  narrow  range  of  working  temperatures, 
from  -25  to  50"C,  At  temperatures  above  50*C,  unvulcaniaed  coatings  'undergo  creep 
when  si.-3uitaneously  subjected  to  a load. 

Vulcanized  coatings  with  a liquid  NT  nairit  base  are  3 to  10  times  acre  wear- 
resistant  chan  coatings  of  oil  and  dispersed  nalrits  and  are  siaiilar  in  this 
respect  to  polyurethane  elastomers,  which  are  extremely  wear-resistant  (Table  39).^^ 
NT  nairic-base  coatings  are  characterized  by  water  resistance. 

Liquid  neoprene,^®  produced  abroad  in  large  quantities,  is  used  in  the  form 
of  rubber  coatings  on  a chlorinated  rubber  primer  (neoprecai,  primer  107)  for  pro- 
tecting articles  used  in  cheniical  machine  building  and  shipbuilding  from  corrosive 
media  ana  abrasive  and  erosive  wear. 


Table  S9 

Physicomeohanicai  properties  of  nairic-base  filas  and  coatings 


1 

1 1 
j Property  | 

i 

i ■ ■ 

Disperse 
nairit,  1 

vulcaniza-  ! 
cion  for  i 

21  h at  j 

lOO^C  i 

'»T  nairit 

Unvulcaniifid 

J 

VulcanizedI 
a:  120®C  ; 

1 

1 

Density,  g/em^  , 

: 1. 3-1.5  ! 

! 1.5 

1 

*■5  1 

^ Breaking  strength,  kgf/cm-^  i 

S5-90 

50-60 

50-90 

Elongation,  X 

! 2C0-220 

. 250 

130 

Flexibility  measured  :-ith  ShG-1 

1 

: 1 i 

instrument,  mn  ' 

1 

Impact  resistance  measured  with  U-1 

' -0 

! 50 

50  , 

: instrument,  kgf  ca/ca^ 

i 

1 

I Brittle  point,  *C 

-30 

1 -40 

, -30  ] 

.Adhesion  to  St.  3 steel  on  chlorinated^ 

1 35-45 

- 1 

1 1 

nairit  primer,  kgf/cn^  1 

1 

' Water  absorption  after  30  davs  at  1 

1 3-10 

! 3-5  ' 

! 3-3  i 

1 :o“c,  % 

i 1 

Oil  resistance 

j Good 

1 Dielectric  properties 

Unsatisfactory 

1 

i 

Nairic  is  used  in  shipbuilding  for  coating  instrucents  and  devices  used  in 
service  aaintenance  of  tankers  and  other  tank  ships  transporting  highly  inflaanable 
products . 

Fluorop las tics  are  crystalline  polymers  in  which  fluorine  has  been  substituted 
for  hydrogen  atoms.  The  fluorine  is  bounded  very  strongly  to  carbon,  also  reinforc- 
ing the  main  carbon  chain  of  the  polymer  molecule. 

The  domestic  industry  is  producing  a large  number  of  fluoroplastic  brands 
which  are  individual  and  modified  polymers  of  f luoroolefins  and  their  copolymers: 
fluoroplastics  4,  3,  4M,  3M,  2,  Zyi,  30,  421,  32,  40,  1,  33,  26,  26.  ’ ’ /207 

Fluoroplastic  coatings  possess  highly  protective  properties:  stability  to 
corrosive  media,  good  insulating  properties,  low  friction  coefficient,  resistance 
to  impact,  and  heat  and  cold  resistance  (Table  90). 

^'^r  friction  components  operating  at  low  temperatures,  fluoroplastics  of 
brands  4D  and  42L  are  used  as  antifriction  coatings.-^ 

Coatings  based  on  fluoroplastics  3 and  3M  have  high  strength,  electrical  re- 
sistance and  hardness.  The  diffusion  coefficient  of  fluoroplastic  3 is  1/100  that 
of  f iuoroplastlc  4;  this  makes  it  possible  to  use  it  as  a protective  coating, 
although  it  is  inferior  to  fluoroplastic  4 in  dielectric  properties. 

Fluorcpiastics  1.  2 and  2M  are  the  hardest  and  strongest  of  all  fiuoropol-./r.ers t 
t.ney  exhibit  practically  no  flew  in  the  cold  state,  are  highly  veatheroroof , wear- 
rasiscint  and  dimensionally  staole. 
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Table  90 

Physicooechanical  and  electrical  properties  of  f Icoroplastics 


' Property  | 

' 1 

' 1 

f luoroplastic 

1 

^ ' 

' 3 i 

2M  1 

I Density,  g/cm'^  j 

i 

1.35-1.40 

2.1 

'1.7-I.8  ! 

' 1. 7-1.3  ; 

I Tensile  strength,  kgf/ca*  j 

, 500-600 

, 350-400  1 

500-600  j 

450-550 

1 Elongation,  % 

70-140 

70-200 

10-250 

300-400  1 

I Modulus  of  flexure,  10 

1 kgf/cm-  1 

10-14  1 

11.6-14.5  1 

1 

16.2  1 

1 

! 

j Fusion  temperature,  *C  i 

180-190 

210  j 

I170-1S0 

155-165  1 

j Application  temperature,  *C: 

-so- 

-195-  1 

-60-  1 

, -^0-  i 

+150  j 

+150  i 

+150  ; 

i +-50  i 

^ Brinell  hardness,  kgf/mn- 

10-12 

1 iO  1 

13-15  ! 

7-9 

1 Water  absorption  after 

■ 24  h, 

1 0.0 

0.0  1 

0.015 

1 0.01  , 

' Volume  electrical  resis— 

* tivity  at  10”  Hz,  ohm  cm 

lo'^ 

1.5  X 10-'' 

[7  X 10‘  - 

|10‘--10l-  ; 

i 1 

1 Dielectric  loss  tangent  at 

1 10®  Hz 

0.02 

0.01 

0.136 

i ” 1 

1 I 

1 

Fluoroplascics  are  used  for  coating  parts  of  compressors,  valves,  coupling 
sleeves,  fastenings,  etc. 

The  strength  and  wear  resistance  of  f luoroplastic  coatings  aay  be  varied  /208 

over  wide  limits  by  Introducing  reinforcing  fillers  and  solid  lubricants  into 
their  cotspositlor..  The  fillers  are  vari'^us  metals  and  glass;  the  solid  lubricants 
are  boron  nitride,  molybdenu.'a  disulfide,  graphite,  etc. 

the  use  of  various  glass  fibers  and  filamentary  crystals  (mullite)  as  the 
filler  reduces  the  internal  stresses  and  increases  the  adhesion  to  metals.  Fluoro- 
plascics are  applied  by  spraying  methods:  flame,  high-voltage  electric-field  and 

slurry  spraying. 

To  improve  the  mechanical  strength  and  adhesion  characteristics,  certain 
f luoroplastic  coatings  are  quenched  in  cold  water. 

•\n  increase  in  adhesion  and  decrease  in  internal  stresses*'"  is  achieved  by 
priming  the  metal  surface  with  sealants  prepared  from  f luoroplastic  rubbers  and 
used  in  the  form  of  solutions.  Use  of  these  primers  Increases  adhesion  by  a factor 
of  5-15. 

Production  of  brands  of  modified  powdered  f luoroplastics  designed  for  the 
preparation  of  coatings  (30,  30P,  40,  40DP,  etc.)  has  been  started  recently. 

Depending  on  the  function  of  the  protective  coating,  these  powdered  polymers  may 
be  used  to  create  compositions  that  make  it  applicable  to  specified  service 
conditions.  This  is  accomplished  by  increasing  the  bulk  density  and  selecting 
the  particle  size  distribution  and  shape  of  the  powder  particles.  It  has  been 
found'*  that  as  t.he  bulk  density  increases,  the  protective  property  of  the  film 
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ixproves,  as  does  its  density,  since  the  xore  uniform  the  packing  and  smaller  the 
number  of  loose-packed  regions  in  the  layer  of  the  polymer  powder  particles,  the 
smaller  the  number  of  pores  obtained  after  the  poi’naer  has  been  partially  fusee. 

The  compacting  operation  consists  in  heat-treating  Che  polymer  powder  at 
elevated  temperatures.  The  optimum  heat  treatment  temperatures  for  powders  of 
brand  30  are  100*C,  with  a treatment  time  of  60  min;  for  brand  40,  240*C,  50-70 
min;  for  4M,  220*C,  40-50  min.  In  films  of  compacted  f luorcplascics  30  and  40, 
internal  stresses  decrease  considerably,  and  specific  elongation  markedly  in- 
creases. 

Copolymers  of  hexaf luoropropyiene  with  tecraf luoroechylene  and  vinylidene 
fluoride  - viton,  teflon  - lOOX,  KYeL-F,  and  polyvinyl  fluorides'**  are  u'idely 
employed  in  foreign  technology  at  the  present  time. 

36.  Properties  of  Coatings 

.\d^esion.  Adhesi'-^e  strength  depends  on  the  nature  of  the  polsTser  and 
composicion  of  the  adhesii’e.  A nonpolar  adhesive  wets  the  metal  surface  well, 
and  therefore,  even  in  the  absence  of  active  functional  groups,  a certain  ad- 
hesive strength  is  achieved.  A much  stronger  bond  between  the  polymer  and  metal  /209 
is  achieved  when  the  polymer  has  functional  groups  that  interact  with  the  necal 
surface. * ^ 


It  is  important  chat  the  adhesive  not  merely  contain  a certain  number  of 
polar  groups,  but  rather  chat  these  groups  be  capable  of  strongly  interacting 
with  Che  surface  groups  of  the  metal. 

The  presence  of  0.5t  of  carboxyl  groups  in  the  polymer  provides  for  strong 
adhesion  (up  to  360  kgf/ca“);  polymers  containing  hydroxyl  groups  in  the  molecule 
also  possess  high  adhesive  strength. 

Of  major  interest  for  adhesion  systems  is  the  mechanism  of  interaction  of 
polymeric  adhesives  with  the  oxide  film  formed  on  practically  any  metal  surface. 

As  a result,  ionic  bonds  may  be  formed  at  the  polymer-metal  boundary  in  many  cases. 
This  type  of  bond  occurs  "osc  frequently  in  the  contact  of  metals  with  carboxyl- 
and  hydroxyl-containing  pol\-tners. 

Considering  the  variety  of  factors  affecting  adhesive  strength,  one  should 
expect  chat  by  modifying  not  only  the  binder  but  also  Che  metal  surface,  one  could 
achieve  a significant  increase  in  adhesive  strength.  The  chief  method  of  obtain- 
ing such  a modification  is  to  create  additional  chemical  bonds  acting  at  Che  ad- 
hesive-metal interface. 

The  stability  of  the  adhesive  bond  may  be  increased  by  pretreatiag  Che  metal 
surface  with  substances  tending  to  form  at  least  a sparse  network  of  chemical  ad- 
hesive bonds  between  the  metal  and  polymer.  A chemisorbed  monolayer  is  formed  on 
Che  metal  surface. 

The  increase  in  initial  adhesion  and  stabilization  of  properties  in  the  presence 
of  an  adhesion-active  sublayer  is  due  to  the  formation  of  covalent  adhesive  bonds 
in  the  system.  The  molecules  of  the  sublayer  are  initially  chemisoroed  on  Che 


1S2 


r^etal  surface.  Th^  foraacion  of  chemical  bonds  between  the  aacronolecuies  of  the 
pol^/taer  and  the  surface  compounds  on  the  metal  is  highly  probable  during  the  forma- 
tion of  Che  polymer  coating.'*'^ 

The  adhesion-active  substances  used  are  toluyiene  diisocyanate , •f-aoino- 
propyloxysilane  and  oleic  acid.  Of  these,  the  most  active  is  toluyiene  ciisocyanate , 
obtained  by  reacting  phosgene  with  toluylenediamine. 

The  extent  of  the  adhesive  contact  is  largely  dependent  on  the  cheisival  nature 
of  the  metal  and  the  microrelief  of  its  surface.  The  most  extensive  and  chemically 
active  surface  under  the  coating  is  obtained  by  shotblascing  the  metal  with  split 
shot,  Che  sharp  edges  of  which  produce  the  required  roughness  on  zecal  surfaces. 

With  increasing  height  of  aicroirregularicies  (sanding,  sandblasting),  the  adhesive 
strength  of  the  coatings  increases.  At  the  same  time,  with  increasing  height  of 
the  microirregularicies , the  Internal  stresses  increase,  causing  a decrease  in  ad-  /210 
hesive  strength. 

The  maximum  adhesive  strength  is  achieved  when  the  height  of  the  projections 
is  20-24  „n.  Vhen  the  projections  increase  from  24  to  200  -urn,  the  internal 
stresses  increase  and  the  strength  of  the  adhesion  bond  decreases.  Vita  increas- 
ing height  of  Che  microirregularicies , the  growth  of  internal  stresses  causes 
cracking  of  the  protective  film. 

Tables  91  and  92  present  data  shoving  the  effect  of  the  degree  of  surface 
treatment  and  brand  of  metal  on  the  adhesion  of  coatings. 


Table  91 

.\dhesive  strength  vs  brand  of  metal 


j Metal 

1 

.Adhesion,  kgf/cm 

1 

t 

Capron 

Polyvinyl  bucyral 

Pentaplasc 

i 

; Steel  Sc.  3 

310 

340 

220  j 

Scael  Sc.  45 

350 

400 

: 

Brass  L-62 

230 

260 

135 

; .Aluminum 

400 

420 

240  1 

I Bronze 

- 

200 

110  i 

• 'ioce.  .Adhesion  determined  by  the  '’mushroom"  method;  cecal  surface  treated  j 

1 with  sand. 

Tlie  properties  of  a coating  and  the  strength  of  adhesion  to  the  metal  are 
largely  dependent  on  Che  film  thickness:  Che  thinner  the  rlln,  the  stronger  Its 

adhesion  to  the  metal.  This  increase  in  adhesion*^  with  decreasing  thickness 
may  be  explained  by  the  orienting  influence  of  the  solid  surface,  which  is  strong- 
er for  thin  films.  A significant  role  is  also  playec  by  the  scale  factor,  since 
the  probability  of  existence  of  defects  in  Che  lunesive  layer  increases  with 
its  thickness. 
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Table  92 

Adhesive  screngch,  kgf/cm^,  vs  sechod  or  preparation  and  rricroreliet*  of  St.  3 
steel  surface 


1 

Grade  of 
finish  ! 

Coating 

j Method  of  Surface  Preparation 

Capron 

' 

?-63 

i Polyvinyl’ 
i butyral i 

Penta-  ' 
plast  ' 

' Grinding 

6 i 

310 

200 

! 250  ! 

200 

> Sandblasting 

4 1 

360 

260 

220 

‘ Sandblasting  and  phosphatlz- 

' Ing 

4-3  1 

i 

420 

1 

1 

! 380  1 

: i 

280 

1 Shocblasting 

Note,  .\dhesion  determined  by 

3 

normal  d^ 

300 

itachnent . 

1 240 

! 320  ! 

260 

The  anticorrosive  and  insulating  properties  of  thin  coatings  are  not  nearly  /211 
as  good,  and  they  wear  out  faster. 

The  optiaua  thickness  of  polyvinyl  butyral,  polyamide  and  pentaplast  coatings 
is  0.25-0.3  mm;  as  the  coating  thickness  increases  from  0.2  to  0.6  mm,  the  ad- 
hesive strength  between  the  coating  and  metal  drops  sharply  (the  adhesion  of  capron 
to  St.  3 steel  decreases  by  a factor  of  1.3-1. 5). 

One  of  the  chief  factors  determining  the  properties  of  adhesion  bonds  is  the 
molecular  and  structural  mobility  of  the  polvTner. 

A reduction  in  molecular  and  structural  mobility  usually  leads  to  an  increase 
in  adhesive  strength.  The  introduction  of  fillers  and  artificial  cross-linking 
nuclei  is  ^'.le  best  way  of  altering  the  structural  stats  of  a pol^rter.  In  this 
case,  the  character  of  the  change  in  adhesive  and  cohesive  properties  is  similar. 

The  adhesive  strength  in  a polymer-metal  system  as  a function  of  the  content 
of  fillers  in  the  adhesives  is  frequently  described  by  a characteristic  curve  with 
j a maximum.  Obviously,  the  role  of  free  functional  groups  in  the  adhesive  is  mani- 

I fested  here  as  well. 

Internal  stresses.  The  mechanism  of  formation  of  internal  stresses  in  films 
' formed  on  a solid  substrate  consists  in  the  fact  that  as  the  solvent  volatilizes, 

( the  film  can  contract  only  in  thickness;  as  a result,  stresses  parallel  to  the 

j surface  of  the  film  arise  in  the  latter. 

Stresses  may  also  arise  during  other  processes  associated  with  a decrease  in 
volume.  Since  tne  process  of  film  formation  frequently  takes  place  at  high  tempera- 
tures, cooling  of  the  system  causes  an  Increase  in  stresses  as  a result  of  different 
coefficients  of  linear  expansion  of  the  coating  and  substrate,  as  well  as 
crystallization  shrinkage. 

Rapid  cooling  Increases  internal  stresses  because  of  insufficient  relaxation; 
slow  cooling  promotes  more  complete  relaxation  processes  due  to  orientation  of  the 
structural  elements,  which  decreases  the  stresses  in  the  coating. 
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On  rapid  cooling,  the  degree  of  crystalline  order  in  polyethylene  t^/pe 
pol;.tners  decreases.  It  would  seen  chat  a decrease  in  crystallinity,  i,  e.  , a 
certain  anorphization  of  the  coatings  on  rapid  cooling,  should  iaprove  the  crack- 
ing resistance,  but  despite  the  specific  elongation  values  and  iaoact  strength, 
which  are  thereby  increased,  quenched  coatings  break  down  faster.  This  phencicenon 
is  due  to  the  sere  active  effect  of  noncelased  internal  stresses,  which  are 
greater  t.han  in  slow  cooling,  and  the  breaking  strength  is  lower. 


Table  93 

Effect  of  cooling  rate  and  heat  treatment  on  the  tcechanical  properties  of  low- 
pressure  polyethylene  coatings 


f Degree  of  ; 

' Conditions  of  Preparation  of  • crystallin-' 
1 Coating  | ity,  •;  ' 

; Internal 
1 stresses , ' 

‘kgi/cn- 

' Breaking  j 

1 strength , 
ikg:/ca^  1 

i ; 

Elongation , 1 

1 • i 

' Cooling  conditions:  * ' 

1 j 

( 

1 

rapid  (quenching)  | 75  ' 

62 

150  i 

6.3  ! 

1 slow  1 77.5  ! 

58 

133  ! 

! 3.2  ! 

• Heat  treatment  for  4 h:  • ! 

1 

■ at  130°C  1 75 

32 

160  1 

4.3  1 

' at  ;00°C  i 76 

i ' ' 

30  1 

160  j 

7.6  i 

1 i 

To  reaove  the  internal  stresses  and  increase  cracking  resistance,  the  coating  /C12 
should  be  heat-treated  at  elevated  tesiperatures.  As  a result  of  prolonged  action 
of  heat,  the  internal  stresses  in  the  coatings  are  reduced  by  alaost  cne-half, 
while  adhesion  increases. 

Coatings  based  on  certain  f luoropolyaers , pol'A^inyl  butyral  and  pentaplast 
should  be  quickly  cooled  in  water  during  their  formation;  the  internal  stresses 
thus  ferried  are  seal!,  and  with  time  decrease  to  an  insignificant  value. 

This  may  be  explained  by  the  dissicilar  structure  of  the  material  and  coating, 
formed  under  dif ferent^^conditions.  On  slew  cooling,  the  coating  has  a more 
crystalline  structure^'  and  compact  packing,  its  volume  is  smaller,  and  hence,  the 
internal  stresses  are  higher  in  this  case.  On  rapid  cooling,  an  amorphous 
structure  predominates  in  the  coatings.  The  degree  of  orcer  of  the  macrocolecules 
is  lower,  and  the  internal  stresses  are  also  small. 

The  internal  stresses,  which  increase  in  the  course  of  aging  of  polymeric 
coatings,  reacn  values  comparable  to  the  strength  of  the  films,  and  in  many  cases 
cause  cracking  of  the  films  or  their  spontaneous  peeling.  Of  particular  interest 
therefore  are  ways  of  controlling  the  stresses  in  polymeric  coatings.  In  particu- 
lar, by  changing  the  temperature  of  film  formation,  moisture  content  of  the  medium, 
proportions  of  the  components,  amount  of  plasticizers  and  pismenc,  one  can  active- 
ly affect  the  magnitude  of  internal  stresses  and  their  buildup  kinetics. 

3y  altering  the  nature  of  the  support  and  using  elastic  primers  for  polymeric 
coatings,  one  can  alter  the  adhesive  strength  and  thereby  control  the  internal 
stresses  and  hence,  the  useful  life  of  the  coating. 
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As  a r-2sulc  of  che  damping  influence  of  prir.ers,  Che  irnpacc  resistance  and 
elasticity  of  Che  coatings  are  appreciably  increased. 

Fillers  have  a subscantial  influence  on  che  internal  stresses  of  coatings.  /212 
On  the  one  hand,  internal  stresses  are  decreased  by  che  introauction  of  fillers 
because  che  coefficient  of  thcraal  expansion  of  the  filai  material  decreases,  and 
on  che  ocher  hand,  they  increase,  since  che  relaxation  processes  are  inhibited 
iche  elastic  aoduius  increases)  and  che  glass  transition  tenperature  rises.  The 
resultant:  of  these  processes  is  usually  positive  in  che  case  of  amorphous  pol*/rters 
and  negative  in  che  case  of  crystalline  ones. 

Internal  stresses  in  pol;/meric  coatings  are  determined  by  the  optical  method 
and  method  of  bending  through  an  angle  according  to  GOST  13036-67.  The  latter 
method  is  based  on  measurement  of  deflection  from  the  initial  position  of  the  free 
end  of  a cantilevered  elastic  metal  place  with  a polymeric  coating. 


The  internal  stresses  a.  are  calculated  from  che  formula 
1 

a.  — . 


where  ih  is  che  deflection  of  the  support  from  the  initial  position,  cm; 
E is  the  elastic  modulus  of  the  support,  kgf/cm-; 
s is  che  thickness  of  the  support,  cm; 

I is  the  working  length  of  che  support,  cm; 
is  is  the  thickness  of  the  polymer  film,  cm. 


Water  resistance.  The  water  resistance  of  a coating  is  determined  by  its 
porosity  and  swelling  capacity.  The  very  slight  true  porosity  of  high-molecular 
cilm-foraing  substances  is  due  to  the  presence  of  a small  amount  of  solvents  or 
plasticizers.  The  formation  of  a three-dimensional  reticular  structure  promotes 
a decrease  in  structural  porosity. 


The  ser'/ice  life  of  a pol:/meric  coating  is  represented  by  the  race  of  penetra- 
tion of  water  molecules  into  che  polvTcer  mass,  i.  e.,  by  che  value  of  the  diffusion 
coefficient.  The  technique  for  determining  diffusion  coefficients  is  described  in 
Ch.  III.  Given  below  are  the  diffusion  coefficients,  in  10““’  cm*/h,  of  various 
polymeric  films,  determined  by  Che  sorption  method. 


SKU-PFL  (cold  vulcanization)  6.1 

:<HN-50  :.3 

:<zN-ioo  4.1 

SKV-PFX  + 5Z  3KTN  110 

Pentaplasc  2,0 

Fluoroplasclc  3.6 

Polyethylene  2.0 

Epojc/f luoroplastic  lacquer  1.0 


The  dif fusion^coef f icienC  of  che  SKU-PFL  urethane  elastomer  is  somewhat 
different  (6  x 10”^  cm“/h)  from  the  coefficients  of  polymeric  materials;  this 
correlates  well  with  the  higher  water  absorption  of  these  elastomers.  The  intro- 
duction of  fillers  (5-15«  of  3KTN  rubber)  reduces  the  water  resistance  of  poly- 
urethanes and  causes  che  diffusion  coefficient  to  increase  to  1.1  x 10"**  cm“/h. 
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Some  invescigacors”**  believe  that  che  water  absorption  of  files  and  their  /21« 

impermeability  to  water  depend  on  the  reticulation,  which  is  associated  with  the 
formation  of  internal  stresses;  the  Latter  xav  give  rise  to  isolated  cavities 
which  promote  better  penetration  of  water  vapor  through  the  film  and  an  increase 
in  Its  water  permeability. 

As  a rule,  the  introduction  of  pigments  promotes  a decrease  in  the  permeability 
of  coatings,  particularly  if  che  particles  vara  scale-shaped;  however,  when  the 
critical  volume  concent  of  Che  pigment  is  reached,  Che  permeability  of  che  film 
increases . 

The  best  results  (Fig.  75)  for  the  water  resistance  of  pol>Tieric  materials 
were  obtained  with  films  cured  at  high  temperatures;  the  water  absorption  of 
pentaplast  films  is  insignif leant . 


Fig,  75.  Water  absorption  3,  of  coatings. 

1 - SKU-PFL  polyurethane  (cold  vulcanlaatlon) ; 

2 - h£N-50  composition;  3 - SKU-PFL  poly- 
urethane (hoc  'Ailcanizacion) ; 4 - KEN-100 

composition;  5 - FEN-42V  composition. 

Capron,  polyamide  68,  low-pressure  polyethylene  and  pol;r/inyl  butyral  have 
poor  anticorrosive  properties:  coatings  of  capron  and  polyamide  68  peel  off  after 

2-3  months  of  e:<posura  to  water,  ’nd  chose  of  polyvinyl  butyral  and  polyethylene, 
after  4-5  months.  Coatings  based  on  f luoroplascic  are  water-resistant  and  can  be 
used  jnder  high  humidity  and  tropical  climate  conditions. 

The  protective  capacity  of  che  films  also  depends  on  the  thickness  and  number 
of  layers  of  che  applied  coating.  With  increasing  number  of  lavers,  the  protective 
capacity  improves  as  a result  of  multiple  overlap  or  che  pores  in  the  film  and 
lengthening  of  che  path  of  moisture  diffusion  toward  che  support.  The  more  severe 
the  service  conditions,  che  greater  che  thickness  which  the  coating  should  have: 
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ia  Che  presence  of  conscanc  accion  of  water,  the  thickness  of  the  coating 
should  be  no  less  chan  200  or  even  300  -a. 


The  decrease  in  the  adhesive  and  mechanical  characteristics  of  coatings 
during  long-term  exposure  to  seawater  is  directly  proportional  to  the  water 
absorption  of  polymeric  cilos  (rig.  76). 

The  long-term  scrength  of  pentapiast  coatings  is  shown  in  rig.  77  (c  being 
the  effective  stresses  and  r,  the  length  of  Che  tests).  The  combined  action  of 
Che  corrosive  medium  and  loads  significantly  reduces  cne  long-term  strength  of 
Che  coatings. ■** 

Dielectric  properties.  The  principal  dielectric  properties  of  chin-film 
pol%-neric  coatings  are  given  in  Table  9-^. 

Table  94 

Dielectric  properties  of  chin-film  plastic  coatings  /215 


1 

1 

1 Coacln; 

! 

Thickness 
of  layer, 
um 

Dielectric 
lo  as 
tangent 

Breakdown 
voltage , 
kV/=m 

I 

Electrical 
resistivity, ; 
ohm  cm  t 

^ Capron 

450 

_ 

33 

0.1  X 10^*  1 

' ?-63  polyamide 

300 

- 

43 

10l=  ' 

1 Polyvinyl  bucyral 

2S0 

2.0  -x  10* ‘ 

72 

0.8  X 10*'  1 

' Pentapiast 

200 

1.6  X 10-^ 

30-100 

1 

VD  polyethylene 

250 

4 X 10— 

45-60 

1 J 

»-• 

O 

Polyepoxides 

200 

4 X 10-= 

60 

3 X 10-"  ' 

' Polychlorocrif luoro- 

• ethylene 

! 

2S0 

4 X 10— 

150-200 

1.2  X 10*’  , 

i 

i Coatings  based  on  polyethylene  and  fluoropiastics  have  excellent  electrical 

Insulation  properties  over  a vide  temperature  range.  The  low  water  absorption  and 

[high  chemical  resistance  ensure  the  stability  of  the  electrical  insulation  properties 
when  Che  coating  is  used  in  corrosive  med.a. 

^ The  electrical  insulation  properties  of  elastomer  coatings  change  with  the 

i type  oi  electric  current,  duration  of  action  of  the  voltage,  and  relative  humidity 

I of  Che  ambient  aedl'im.  In  the  presence  of  direct  current,  even  with  a high 

‘ voltage,  Che  breakdown  voltage  of  elastomer  coatings  is  2-2.5  times  that  of  50-Hz  ‘ 

[ alternating  currant. 

j The  appreciable  drop  in  the  breakdown  voltage  of  elastomers  under  mechanical 

k load  is  due  to  the  partial  polarizability  of  the  material  in  extension,  and  to 

f the  accelerated  oxidation  of  the  elastomer,  which  is  in  a stressed  state. 

t 

^ In  studying  pol%T!eric  materials  used  for  protecting  articles  operatinz  in  /216 

J corrosive  media,  the  chief  criterion  for  escLmating  the  protective  capacity  of 

Ithe  coatings  is  the  electrical  resistivity  of  tne  film,  preventing  the  migra- 
tion of  ions  and  reducing  the  corrosion  current  to  an  insignificant  value. 
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Fig.  76.  Adhesive  screngch  A,  ksf/ca-, 
of  pencaplasc  coatings  vich  steel  and 
brass  vs  tiie  of  exposure  t to  seavacer 
(noraai  detachment  method). 

1 - Sc.  3 steel;  2 - L-62  brass 

The  high  resistance  in  the  initial  state  and  the  ability  to  maintain  it  at  /215 
this  level  during  prolonged  exposure  to  seawater  indicate  an  insignificant 
permeability  of  the  coating  to  ions  of  the  electrolyte,  and  hence,  excellent 
anticorrosive  and  electrical  insulation  properties  of  the  coatings.  The  process 
of  change  in  properties  in  water  may  be  broken  down  into  three  periods: 

(a)  a comparatively  ranid  decrease  in  resistance  due  to  diffusion  of 
corrosive  agents  and  an  increase  in  their  quantity  in  the  film; 

(b)  a state  of  equilibrium,  when  further  water  absorption  and  drop  in 
resistance  cease; 

(c)  intensive  corrosion  of  metals  under  the  film  and  breakdown  of  the  coat- 
ings; further  drop  in  resistance. 

During  the  first  few  days  of  exposure  to  water,  the  resistance  of  most  films 
drops  by  2 to  3 orders  of  magnitude,  which  corresponds  to  che  m.ixicvm  water  ab- 
sorption by  Che  films  and  an  active  diffusion  process.  After  60  days,  a state  of 
equilibrium  is  established  in  che  majority  of  the  coatings,  and  the  water  absorp- 
tion and  decrease  in  resistance  cease.  A certain  increase  in  resistance  after 
three  days  of  exposure  of  pencaplast-base  coatings  to  water  may  be  explained  bv 
the  formation  of  an  oxide  film  on  the  surface  of  the  specimen, and  che  resistance 
of  the  films  subsequently  undergoes  a certain  decrease. 

k"nen  pencaplast-ccated  specimens  whose  edges  are  veil-insulated  are  exposed 
to  seawater,  practically  no  drop  in  resistance  occurs  because  of  the  slight  water 
absorption. 

The  introduction  of  pigments  into  f luoroplastic-base  coatings  causes  a 
certain  decline  in  dielectric  properties,  although  it  slightly  increases  the 
stability  of  the  films  eiqjosed  to  seawater.  The  most  stable  dielectric  properties 


Fig.  77.  Useful  life  of  penta- 
plasc-base  coatings  on  steel  vs 
stress . 

1 - in  air;  2 - in  water. 
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are  chose  of  coatings  based  on  K£!'I  and  FE.N  lacquers,  vhich  correlates  with  the 
vacer  aosorptlon  kinetics  of  coatings  based  on  these  lacquers. 

Erosion  resiscanca.  An  adequate  asount  of  infonnation  has  beer,  collected  on 
the  erosion  resistance  of  setals,  but  in  the  case  of  the  erosion  resistance  of 
plastics  and  synthetic  nater  als,  the  data  are  scarce  and  in  nany  cases  contra- 
dictory. The  highest  cavitation  resistance  is  exhibited  by  elastic  synthetic 
naterials,  i.  e.  , polyurethanes  and  rubber. 

Japanese  scientists  have  conducted  aany  studies  to  detarnine  the  cavitation 
resistance  of  chroalua  and  nickel-base  polyurethane,  rubber  and  electroplated 
coatings.  The  highest  resistance  to  cavitation  erosion  is  exhibited  by  chromiua,  /217 
and  anong  poisTneric  coatings,  rubber  ones  are  only  slightly  inferior  to  chroaiua. 

According  to  the  Japanese  researchers,  the  high  cavitation  resistance  values 
obtained  for  rubber  coatings  are  due  to  the  ability  of  elastic  aaterials  to  ab- 
sorb pulsating  impact  loads.  The  tests  enabled  Che  Japanese  researchers  to 
recommend  neoprene  coatings  along  with  chromium  for  protection  of  the  propellers 
of  fast  ships. 

Results  of  tests  of  coatings  based  on  polyurethane  compounds  have  shown  gocd 
prospects  for  the  application  of  the  elaborated  urethanes  as  protective  coatings 
for  abrasive  and  hydrcabrasive  erosion  and  cavitation. 

In  tests  on  a hydrodynamic  stand,  the  erosion  rate  is  so  high  that  the  start 
of  destruction  of  the  coating  is  difficult  to  record,  and  a complete  detachment 
of  the  films  takes  place  in  just  a few  minutes. 

Testing  on  devices  reproducing  the  cavitation  process  with  a high  rate  of 
action  (of  magnetostriction  vibrator  type)  nay  appreciably  distort  the  results 
obtained  because  of  the  difference  between  the  cavitation  processes  in  nature 
and  in  Che  testing  chamber. 

The  study  of  the  relative  stability  and  deteminaticn  of  the  mechanism  of 
cavitation  breakdown  of  a coating  make  it  necessary  to  reproduce  a cavitation 
process  analogous  to  Che  natural  process.  I'nder  laboracor-*  conditions,  this  is 
accomplished  by  using  cavitation-erosion  stands  equipped  with  a Venturi  chamber. 

The  method  for  testing  the  pol;/mers  and  their  resistance  to  erosion  wear  Is 
given  in  Ch.  3. 

The  erosion  resistance  of  coatings  tested  on  a vibrator  and  in  a Venturi 
chamber  at  flow  velocities  up  to  55  m/sec  is  given  in  Table  95. 

Materials  having  elastic  characteristics  and  the  ability  to  extinguish  (damp) 
pulsating  loads  exhibit  the  highest  resistance  to  erosion  wear.  In  their  resistance 
to  erosion  wear,  coatings  based  on  SKU-PFl  pol>*urethane  and  nairit  considerably 
surpass  carbon  steel  and  approach  chrcfal’om-nlckel  steel.  Vhen  the  adhesive 
strength  is  unsatisfactory,  a weakening  of  adhesive  contact  and  peeling  of  the 
coating  off  the  substrate  may  occur  during  the  testing. 

Materials  of  great  hardness  and  rigidity  (pentaplast)  are  the  least  stable 
to  cavitation. 
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Weathering  resiacanca.  The  weachering  resistance  of  coatings  is  studied  under 
field  conditions  and  in  artificial  cliaate  devices.  Adhesive  contact  between  the 
pol>'tier  and  xetai  substantially  affects  tne  properties  of  the  coatings,  and  there- 
fore, the  processes  of  aging  and  destruction  of  coatings  under  ataospheric  condi- 
tions differ  from  the  processes  taking  place  in  blocks  and  free  filns. 

Table  95 

Cavitation-erosion  resistance  of  polytaeric  coatings  /213 


1 Coating 

Thickness  efi  Duration  of 
coating,mn  tests,  h 

Nature  of  Breakdown  j 

1 SKU-PFL  vulcanized  coating 

■ on  LMts2h-55-3-l  brass 

1.5 

200 

No  breakdown 

1 Same  on  Sc.  3 steel 

2.5 

400 

Saas  ' 

' Vulcanized  coating  based  on 

' NT  nairic  on  St.  3 steel  (epoc>'- 
' nairtt  primer) 

2.0 

300 

Start  of  cavitation  ' 

erosion 

1 

' ;<hl8M0T  steel 

- 

400 

No  breakdown  ' 

■ 3t.  3 steel 

_ 

15.0 

Start  of  cavitation  ! 

erosion  | 

Penciplasc  on  AZh^-9-4-4 
i bronze 

1 

0.280 

8.5 

Breaking  off  of  coat-  I 
ing  at  Che  cavita-  1 

cion  center  j 

Fluoroplascic-1  on  gVZWJ- 
' 9-4-4  bronze 

0.160 

20.5 

Coating  peels  from  ^ 

the  edee  ] 

1 5-4-7X  paint  on  LMtsZh- 

' 55-3-1  brass 

0.300 

so.o 

- 

' FEN2-42V  on  brass 

0.160 

29.5 

90t  of  coating  peeled 

KZN-50  on  brass 

0.180 

100 

No  breakdewn  1 

! 

The  state  of  the  coatings  during  the  studies  is  estitiated  frcn  the  change  in 
checlcal  and  optical  properties,  tiicrohardness,  l3:pact  hardness  of  the  coating 
saterial,  and  retention  of  adhesive  contact. 

The  study  of  the  changes  occurring  In  the  chenical  cor.positicn  of  a pol^’r.eric 
coating  involve  detenaination  of  the  soiecuiar  nass  of  the  naterial  (viscoitetry 
nethod) , crystallinity  of  the  pol'./ner  (x-ray  diffraction  analysis),  and  changes 
in  the  cr^.'stal  lattice  (techod  of  electron  diffraction).  The  state  of  the  surface 
of  the  coating  is  estinacea  froo  its  reflectivity  by  neasuring  its  brilliance. 

In  the  course  of  natural  acrsospheric  aging  of  polyethylene  coatings,'^"  it  was 
noted  that  after  only  6 nonths  of  exposure,  a network  of  cracks  appeared  on  the 
irradiated  portion  of  the  soecinens.  Tests  of  pentaplast  coatings  under  tropical 
cllaate  conditions  showed  that  they  undergo  appreciable  changes  after  8-10  months 
of  exposure  to  atmospheric  conditions;  the  stability  of  the  pol%*raers  is  affected 
not  so  much  by  che  Intensity  of  the  radiation  as  by  its  wavelength. 

Absorption  of  ultraviolet  light  initiates  the  rupture  of  the  molecular  chains 
of  polyethylene  and  promotes  the  formation  of  oxide  (carbonyl)  groups,  which  in 

^ Q 1 
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cum  are  active  cencers  of  radiation  absorption.  The  appearance  of  oxidized 
groups  is  demonstrated  by  the  increase  in  che  dielectric  loss  tangent,  the  value 
of  which  depends  on  che  relaxation  of  che  carbonyl  groups  in  the  coating  material. 
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A considerable  change  in  che  cocposition  and  structure  of  pencaplast  may  be  /219 
detected  in  the  infrared  absorption  spectra  of  films  aged  under  the  same  ccndi^ 
cions  as  che  coatings. 

.•^alysis  of  the  infrared  spectra  showed  the  presence  of  hydroperoxy  groups; 
che  spectrum  contains  an  absorption  band  around  3480  corresponding  to  0-H 

stretching  vibrations  of  hydroperoxy  groups,  and  che  845  cm"^  absorption  band  of 
0-0  vibrations  of  hydropero.xy  groups. 

These  data  make  it  possible  to  postulate  a mechanism  for  che  process  of 
oxidative  degradation  of  pencaplast . 

The  initiation  is  accomplished  by  the  detachment  of  hydrogen  from  a methylene 
group,  which  is  che  most  vulnerable  unit  of  che  macromolecule.  After  the  addition 
of  oxygen  with  che  formation  of  a peroxy  radical,  che  chain  propagation  process 
proceeds  via  che  formation  of  hydroperoxide,  whose  decomposition  leads  to  che  foraa- 
tion  of  aldehyde,  ester  and  acid  groups.  The  relative  quantities  of  these  groups 
are  determined  by  the  different  probabilities  of  bond  rupture  in  the  peroxy  radi- 
cals, which  propagate  the  oxidation  chain  or  recombine. 

Thus,  che  oxidative  degradation  of  pentaplast  develops  as  a chain  radical 
process,  che  inhibition  of  which  requires  the  use  of  thermal  and  light  stabilizers 
of  che  initial  pol^.-mer. 

Additional  crystallization  of  che  polymer  occurs  in  the  regions  of  rupture 
of  strained  bonds.  This  is  manifested  in  an  increase  of  the  degree  of  crystallinity 
and  microhardness  of  the  coating  aaterial.  Ac  the  same  time,  cracks  along  the 
boundaries  of  spherulitic  formations  and  the  appearance  of  fibrous  structure  in 
che  spherulites  of  the  polymer  are  visible  in  the  field  of  an  optical  microscope. 

Processes  or  cross-linking  of  the  coating  material  cake  place  along  with 
degradation  processes  under  Che  influence  of  ultraviolet  irradiation.  In  cross- 
linking,  hydrogen  splits  off  from  the  hydrocarbon  chain,  and  the  free  bond  thus 
formed  links  up  with  che  analogous  free  bond  of  a neighboring  molecule,  forming 
cross-links. 

The  degree  of  cross-linking  of  a polymer  is  characterized  by  the  insoluble 
fraction  formed,  whose  quantity  increases  with  the  exposure.  Significant  changes 
in  the  chemical  structure  of  che  coating  are  reflected  in  the  mutual  orientation 
of  che  chains,  i.  e. , the  characteristic  regularity  of  the  supermolecular  structure 
is  markedly  disrupted.  The  optical  picture  of  the  spherulites  disappears,  and 
individual  protuberances  appear.  Numerous  cracks  running  along  the  boundaries  of 
these  protuberances  are  observed.  The  reflectivity  of  the  coatings  decreases 
appreciably. 

V?hen  tested  in  an  artificial  weather  de'.'lce,  the  coatings  undergo  significant 
changes.  After  only  50  h of  testing,  che  pentaplast  coating  darkens,  the  surface 
becomes  rough,  and  a decrease  in  luster  (Fig.  78)  and  increase  in  aicrohardness 
are  observed.  The  increase  in  microhardness  during  che  initial  period  of  aging 
is  due  to  additional  crystallization  causing  an  increase  in  rigidity  and  hardness. 
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Subsequently,  the  crystalline  structure  breaks  down,  aicrocracks  develop  in  the 
aaterial,  amorphization  of  the  coating  takes  place,  and  the  microhardness  de- 
creases (Fig.  79). 
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Fig.  78.  Change  in  luster  of  penta-  Fig.  79.  Change  in  microhardness 

plast-base  coatings  during  aging.  of  pentaplast  during  aging. 

1 - nonirradiated  side;  2 - Irradiated 
side. 

After  500  h of  testing  in  the  artificial  weather  apparatus,  the  coating 
effectively  loses  its  protective  functions,  cracks,  and  crumbles.  The  cracking 
and  peeling  are  due  to  internal  thermal  stresses,  which  arise  under  thermal 
cycling  conditions  and  are  due  to  the  marked  difference  between  the  coefficients 
of  linear  expansion  of  the  material  of  the  coating  and  substrate. 

Testing  of  polyamide  coatings  established  Chat  ultraviolet  radiation  also 
causes  degradation  and  oxidation  of  the  material,  a decrease  in  molecular 
mass,  and  a decrease  in  dielectric  loss  tangent.  The  changes  taking  place  In  Che 
polymer  lead  to  an  increase  la  t.he  degree  of  crystallinity.  The  superaolecular 
structure  of  a polycaproamlde  coating  undergoes  visible  changes. 

The  introduction  of  fillers  shielding  polymers  from  Che  action  of  light  in- 
creases Che  stability  of  polyamide  compositions;  the  maximum  increase  in  stability, 
up  to  two  years,  is  achieved  by  adding  graphite.  On  the' whole,  polycaproamlde 
coatings  are  more  stable  to  ultraviolet  radiation  than  polyethylene  ones  and  may 
be  recommended  for  use  in  regions  of  dry  crcplcal  climate  in  components  and  parts 
protected  from  direct  solar  radiation. 

In  tests  of  coatings  under  light  filters  absorbing  ultraviolet  irradiation, 
their  breakdown  Cakes  place  much  more  slowly.  After  12  months  of  exposure,  only 
Isolated  local  microcracks  in  the  supermolecular  structure  of  Che  material  are 
observed,  evidently  due  to  overheating  of  local  regions. 

One  of  the  methods  of  stabilizing  pol>-mers  to  light  involves  the  use  of 
compounds  which  intensely  absorb  ultraviolet  light  without  undergoing  photolysis. 
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Thena^  oxidacive  degradation  of  pencaplasc  is  Inhibited  by  Introducing  In-  /221 
hlbltors,  1.  e.,  antioxidants  (phenols,  aromatic  amlr.es,  esters  of  phosphorous,  ( 

propionic  and  laurlc  acids). The  best  protection  from  light  Is  provided  by  ' 

polj’mers  which  are  derivatives  of  benzophenone , benzoic  or  salicylic  acids  and  * 

resorcinols,  and  which  absorb  the  ultraviolet  portion  of  the  spectrum.  The  intro-  - 

auction  of  the  photostabilizer  2-(2'-hydroxy-5'-methylphenyi)benzotriazole  (tinuvin  j 

F)  In  Che  amount  of  0.253!  of  the  mass  of  the  polymer  powder  into  Che  composition 
of  the  polymers  Increases  Che  stability  of  polyethylene  and  polyamide  coatings  by 
a factor  of  two  to  three. 

37.  Methods  of  Preparation  of  Coatings 

The  methods  of  applying  polymeric  materials  on  the  surface  of  articles  are 
quite  varied.  This  variety  is  determined  by  the  type  of  materials  employed, 
technology  of  their  application  and  equipment  used. 

Discussed  below  are  the  most  commonly  employed  methods  of  applying  polymeric 
coatings  and  new  progressive  methods. 

Vortex  spray-coating.  In  vortex  spray-coating  (application  in  a fluidized 
bed),  the  preheated  article  is  dipped  in  a bath  with  a powdered  polymer  contained 
in  a fluidized  bed.  After  removal  from  the  bath  and  additional  heating  of  the 
article,  the  adherent  particles  melt,  and,  spreading  over  the  surface,  form  an 
even  coating. 

In  most  cases,  powders  are  fluidized  with  compressed  air.  However,  because 
of  the  thermal  oxidative  degradation  of  finely  divided  polymer  powders,  it  is 
preferable  to  use  an  inert  gas. 

The.  fluidization  rate  affects  the  properties  of  the  coatings,  particularly 
adhesion  and  continuity,  and  one  should  therefore  select  a gas  flow  rate  at  which 
a uniform  and  quiet  boiling  of  the  powder  is  observed. 

The  film  thiclcness,  quality  of  the  coating  and  its  adhesion  depend  on  the 
preheating  temperature,  residence  time  of  the  article  in  the  bath,  height  of  the 
fluidized  bed,  and  duration  of  the  fusion  process.  The  optimum  heating  tempera- 
ture of  Che  parts  during  application  of  coatings  based  on  epoxy  resins  in  a 
fluidized  bed  ranges  from  160  to  180*C.  If  the  temperature  conditions  are  disturbed, 
the  properties  of  the  coatings  decline  sharply,  and  for  this  reason,  it  is  not 
recommended  to  change  the  thickness  of  the  coating  by  changing  the  heating  tempera- 
ture. 

The  principal  technological  parameters  of  Che  process  for  obtaining  coatings  /222 
from  various  polymers  in  a fluidized  bed  are  presented  in  Table  96. 

Devices  for  applying  coatings  by  this  method  are  simple  to  build  and  operate. 

The  coating  may  be  applied  both  manually  and  on  conveyer  production  lines. 

Disadvantages  of  the  vortex  spray-coating  method  include  the  difficulty  of 
coating  articles  of  different  thicknesses,  cumbersomeness  of  the  equipment  for 
coating  large-sized  articles,  and  nonuniform  coating  of  edges  and  corners. 
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Table  9fi 

Technological  paramecera  of  preparation  of  coatings  from  povdered  polymers  in  a 
fluldlced  bed 


Polymer 

Preheating 
temperature 
of  part,  "C 

Residence 
time  of 
part  in  bed» 
sec 

Additional 
heating 
temperature 
of  part,  ”C 

Duration  of 
additional 
heating  of 
part,  min 

Low-pressure  (stabilized) 

250-340 

3-20 

200-220 

2-7 

polyethylene 

P-63  polyamide 

230-300 

1-15 

220-250 

2-3 

Polyvinyl  butyral 

230-360 

3-20 

220-230 

2-7 

Pencaplast 

280-330 

5-25 

230-240 

3-20 

3M  fluoroplastlc 

260-280 

6-10 

210-270 

240 

epoxy  resin 

140-160 

4-10 

150-180 

120-180 

Vibratory  sprav  coating.  The  method  essentially  consists  in  bringing  heated 
parts  in  contact  vith  powdered  polymers  in  a suspended  state  through  vibration. 

Two  types  of  vibratory  apparatus  have  become  most  popular;  in  the  first,  the  vibra- 
tions are  executed  by  the  entire  vessel  Containing  the  powdered  polymer,  and  in 
the  second,  only  the  elastic  bottom  vibrates,  while  the  walls  of  the  apparatus 
remain  stationary. 

The  fluidization  effect  in  these  devices  is  achieved  by  subjecting  the  powdered 
material  to  forced  oscillations  of  definite  frequency  and  amplitude. 

The  vibratory  method  has  some  advantages  over  the  vortex  method:  the  preheat- 

ing temperature  of  the  parts  may  be  somewhat  lower,  since  there  is  no  cooling  of 
the  polymeric  material  by  the  passing  gas  flow,  and  no  powder  particles  are  blown 
out;  no  compressed  air  or  gas  is  required. 

The  construction  of  vibratory  spray  coating  devices  is  fairly  simple.  The 
vibrators,  which  are  Che  chief  element  of  the  apparatus,  may  be  mechanical,  pneumatic, 
electromagnetic,  or  electrodynamic. 

The  vibratory  method  also  has  several  drawbacks  which  limit  its  application.  /223 
They  include  a small  coefficient  of  volume  increase  during  fluidization  (up  to 
about  1.15),  higher  requirements  for  the  polymer  (finely  divided  powder)  and  Che 
necessity  of  a careful  selection  of  the  components  with  regard  to  mass  and 
particle  size  to  prevent  demixing  into  fractions;  nonuniformity  of  the  fluidized  bed 
with  respect  to  Che  height  and  cross  section  of  the  apparatus,  causing  the  coat- 
ing of  the  article  to  be  nonuniform  with  respect  to  heignt. 

Vib ratorv  vortex  method.  This  method  is  practically  free  of  the  drawbacks  in- 
herent in  fluidization  by  vibration.  The  simultaneous  action  of  gas  and  vibration 
on  Che  polymer  particles  creates  a homogeneous  structure  of  the  fluidized  bed  and 
in  addition,  precludes  separation  of  Che  powder.  The  role  of  vibration  essentially 
amounts  to  separating  the  particles,  thus  decreasing  the  friction  between  them,  and 
the  ascending  flow  of  gas  (air)  keeps  the  polymer  particles  in  a suspended  state. 


195 


r 


' The  vibratory  vortex  cethod  yields  a uniform  fluidized  bed  when  various 

powders  are  used.  Including  those  that  are  difficult  to  fluidize  by  the  usual 
vortex  method. 

Coatings  prepared  In  laboratory  vortex  spraying  apparatus  have  a uniform 
and  much  greater  thickness  than  In  other  types  of  devices.  It  Is  no  longer 
necessary  to  select  a powdered  polymer  In  narrow  partlcle-slze  fractions,  since 
there  Is  no  demlxlng  of  polydlsperse  mixtures  during  fluidization  by  simultaneous- 
ly acting  vibration  and  gas;  this  Is  particularly  Important  when  using  a material 
with  various  types  of  additives  (fillers,  stabilizers,  pigments,  etc.). 

Centrifugal  method.  The  centrifugal  method  consists  In  applying  a layer  of 
' polymeric  material  on  a suitably  prepared  and  heated  surface  of  a rotating  article. 

When  It  comes  In  contact  with  the  heated  surface,  Che  polymer  powder  fuses  and 
spreads  under  Che  Influence  of  centrifugal  forces.  This  yields  a coating  of 
uniform  thickness. 

This  method  Is  used  Co  prepare  chin-layer  polymeric  coatings  on  large-sized 
‘ parts  In  Che  shape  of  bodies  of  rotation;  Inserts,  bushings,  connecting  flanges, 

or  stators  of  electric  motors. 

When  this  method  Is  employed,  Che  additional  action  of  centrifugal  forces  on 
the  fused  polymer  provides  not  only  for  a high  quality  of  Che  coating  but  also  for 
Its  stronger  adhesion.  The  centrifugal  method  began  Co  be  used  In  Che  Soviet 
Union  and  abroad  for  coating  Che  Inner  surfaces  of  metal  Cubes. 

Electrostatic  method.  The  method  of  application  of  polymeric  coatings  in  an 
electrostatic  field  Is  one  of  the  most  promising  ones.  The  coating  Is  applied  by 
using  Che  corona  discharge  effect  due  to  the  action  of  a high-voltage  current. 

The  Ions  thus  formed,  which  have  Che  same  charge  as  the  corcna  electrode,  are 
1 repelled  from  It  and  cove  In  Che  direction  of  the  oppositely  charged  electrode. 

[ A high-voltage  electric  field  Is  produced  in  the  space  between  the  electrodes. 

I If  polymer  particles  are  Introduced  Into  this  space,  the  Ions  charge  them  on 

i contact.  The  charged  particle  moves  Coward  the  electrode  (part)  of  opposite 

charge  and  settles  on  Its  surface. 

After  deposition,  the  charged  polymer  particles  can  remain  on  the  surface 
cf  Che  cold  part  for  a long  period  of  time,  this  being  due  to  Che  property  of 
dielectrics  of  retaining  polarization  even  after  the  electric  field  Is  removed. 

This  extends  the  applicability  of  the  method,  since  It  permits  application  of 
polymeric  coatings  on  parts  even  without  pre.neaclng. 

Two  types  of  processes  have  become  cosmion:  pneumatic  and  electrostatic  spray- 

ing of  Che  polymer. 

In  Che  pneumatic  spraying  method,  the  powdered  polymer  at  low  pressure,  0.3- 
1.0  kgf/ca^.  Is  fed  Into  Che  space  between  rvo  electrodes.  The  sprayed  particles 
acquire  a negative  charge  and  deposit  on  Che  surface  of  the  part  being  coated. 

^ The  application  of  a polymer  powder  by  electrostatic  sprayers  Is  analogous  to 

j Che  process  described  above.  The  role  of  the  sprayer  in  this  case  is  played  by  the 

corona  electrode. 
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Thin-layer  polymer  coatings  nay  be  obtained  in  an  ionized  fluidized  bed. 

This  method  essentially  consists  in  the  fact  that  the  cold  part  is  izmersed  in 
a fluidized  bed  of  powdered  polymer  acted  upon  by  the  corona  discharge  of  a high- 
voltage  electric  field.  The  polymer  particles  are  charged,  and,  acted  upon  by 
electrostatic  forces,  uniformly  deposit  on  the  part,  which  is  moved  to  an  oven 
for  fusion. 

This  method  may  be  used  to  apply  almost  all  of  the  known  polymeric  materials 
withstanding  the  temperature  necessary  for  fusing  the  powder.  The  coating  obtained 
has  not  only  a uniform  but  also  a predetermined  layer  thickness. 

The  thickness  of  the  deposited  powder  layer  depends  on  the  charge  of  the 
particles  and  residence  time  of  the  article  in  the  high  voltage  field.  The  higher 
the  applied  voltage,  the  thicker  the  powder  layer.  By  changing  the  magnitude  of 
the  electric  field,  one  can  vary  the  thickness  of  the  coating  over  a wide  range 
(from  20  to  800  ux) . Practice  has  shown  that  the  residence  time  of  articles  in 
an  ionized  fluidized  bed  is  2 to  10  sec. 

Manual  devices  and  automated  mechanical  lines  are  used  for  electrostatic 
spraying  of  polymeric  materials. 

A series  of  installations  of  mechanized  and  semiautomatic  lines  have  been 
developed  in  the  Soviet  Union.  One  of  the  most  advanced  Industrial  installations 
for  preparing  polymeric  coatings  in  an  ionized  fluidized  bed  is  the  "Raduga"  t^j^e 
mechanized  line,  which  makes  it  possible  to  obtain  coatings  on  both  cold  and  pre- 
heated articles. 

Control  of  the  lines  involves  automatic  and  manual  operation,  stepless  varia- 
tion of  conveyer  speed,  and  control  of  the  high  voltage  supplied  to  the  bath, 
residence  time  of  the  articles  in  the  fluidized  bed,  and  power  of  the  fusing  oven. 

Flame  spravlng.  In  the  flame  spraying  method,  a stream  of  air  containing 
suspe.nded  particle  of  powdered  material  is  passed  through  the  flame  of  a gas 
burner.  The  polymer  particles  heated  in  the  flame  soften,  fall  on  a prepared  sur- 
face, and  fuse  on  it;  on  cooling,  a continuous  polymeric  coating  is  formed. 

The  temperature  of  the  gas  flame  la  650-700*C  or  higher,  and  the  speed  of 
travel  of  the  polymer  through  the  flame  zone  is  20-30  m/sec. 

Polyolefins,  polyamides,  polyvinyl  butyral,  f luoroplastlc  3,  pentaplast,  etc. 
may  be  used  for  spraying.  Most  suitable  for  spraying  are-  powders  of  pol-raerlc 
materials  with  i particle  size  of  0.10-0,25  mm.  To  obtain  coatings  of  large  thick- 
ness on  large-sized  articles,  it  is  best  to  use  a powder  with  a particle  size  of 
0.13-0.25  mm;  for  thin  coatings,  the  size  of  the  powder  particles  should  be  0.10  mm 

The  preheating  temperature  of  tne  surface  to  be  coated  is  given  below  for 
certain  pol^nnets  in  *C: 

Epoxy  polymers  135 

Polyethylene  200 

Polyvinyl  butyral  230 

Polyamides  200-210 

Fluoroplastlc  3 270 
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The  flane  spraying  nechod  is  best  suited  for  applying  polN-ners  on  large-sized 
articles,  and  even  coatings  made  of  Inert  polyrsers,  for  example  polyethylene, 
exhibit  satisfactory  adhesion.  Flame  spraying  Is  performed  with  l’PM-4  units  and 
used  mainly  to  seal  off  cavities,  coat  welds,  ano  seal  joints  and  parts.  This 
method  is  used  for  coating  storage  battery  containers,  fans,  pipes,  parts  of 
pumps,  etc. 

The  powdered  material  and  combustible  air-acetylene  mixture  are  fed  to  the 
sprayer  burner  by  means  of  compressed  air  at  3-6  kgf/cm‘. 

The  flame  spraying  method  has  not  found  vide  application  for  the  following 
reasons:  partial  decomposition  of  the  polymer  during  spraying  and  decline  of  the 

p'nyslcomechanicai  properties  of  the  coating;  difficult  sanitary  working  conditions; 
necessity  of  using  equipment  operating  under  pressure;  low  output;  complex  control 
of  the  technological  process  of  application  of  the  coating. 

Preparation  of  coatings  from  suspensions . Suspensions  are  used  to  prepare  /226 
coatings  based  on  polymers  with  a high  temperature  of  transition  to  the  visco- 
fluid  state,  close  to  t.he  degradation  temperature.  To  eliminate  coagulation,  the 
suspensions  are  stabilized  with  surfactants.  The  thickness  of  the  coating  depends 
on  Che  concentration  and  viscosity  of  Che  suspension.  With  increasing  polymer 
viscosity,  the  thickness  of  the  coating  increases,  but  an  excessive  thickness  of 
the  layer  promotes  the  formation  of  cracks.  Suspensions  prepared  from  fluoro- 
plastics,  synthetic  rubbers,  or  pentaplast  are  used  for  the  preparation  of  coatings. 

The  suspensions  are  deposited  by  dipping,  pouring,  or  spraying.  The  air 
pressure  during  the  spraying  is  3-4  kgf/ca-,  and  the  distance  of  the  nozzle  from 
the  surface  being  coated,  30-40  mm. 

Films  obtained  from  a suspension  based  on  pentaplast  and  fluoroplascics  3 and 
3M,  after  the  solvent  is  driven  off  in  air,  are  fused  at  200  ± 10  and  270  c 5°C, 
respectively.  After  the  last  layer  has  melted,  the  coatings  are  quenched  with 
water. 

When  the  coated  part  is  cooled  slowly,  the  polymer  crystallizes,  and  a tough 

solid  coating  is  formed.  Since  the  coefficient  of  thermal  e.xpansion  of  the  coat- 

ings is  8-10  times  greater  than  chat  of  steel,  stresses  decreasing  the  adhesion 
to  the  metal  are  formed  at  the  interface  on  slow  cooling.  Quenching  removes  the 
stresses  formed  at  the  interface;  on  rapid  cooling,  the  polymer  passes  to  an 
amorphous,  rubberlike  state  and  forms  elastic  films  resistant  Co  impact  loads. 

The  azurphous  coating  crystallizes  for  10-20  h at  room  temperature  and  is 
transformed  from  a soft  material  vulnerable  Co  mechanical  damage  into  a strong, 
cough  material  suited  for  service. 

The  formation  of  films  of  fluoroplascics  1 and  2M  proceeds  via  the  formation 

of  a gel  whose  drying  requires  a temperature  of  80-90°C.  The  first  and  last 

layer  are  fused  at  250  d 20°C. 

Films  of  fluoroplascics  1 and  2M  are  characterized  by  high  density  and  uniform- 
ity. Quenching  promotes  the  formation  of  smooth  lustrous  films  but  is  not  an 
obligatory  operation,  since  the  internal  stresses  during  the  formation  cf  the  coat- 
ings are  small. 
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Radiant  heat  aethod.  The  radiant  heat  aethod  surpasses  the  flame  method  in 
all  parameters,  being  more  universal  and  highly  productive.  In  this  method,  a 
jet  or  powdered  polymer  is  directed  into  a powerful  flux  of  radiant  heat  rays, 
where  the  particles  of  the  material  melt  and  are  deposited  at  high  speed  on  the 
surface  being  coated.  The  polymer  thrown  onto  the  surface  bonds  with  it,  forming 
a coating.  Heating  is  carried  out  with  NIK^ZOO  quartz  lamps. 

A comparison  of  the  efficiency  of  the  radiant  heat  and  flame  methods  in  the 
case  of  deposition  of  a polyvinyl  butyral'base  coating  on  steel  is  given  in  Table 
97. 

Table  97 

Comparison  of  the  efficiency  of  the  radiant  heat  and  flame  methods  /227 


1 

1 Property 

1 

) 

Method 

Flame 

Radiant  heat 

Adhesion,  kgf/ca’ 

378 

455 

Consumption  of  naterial,  kg/ni^ 

1.04 

0,76 

Removal  of  powder  (waste) , Z 

36 

Output,  m^/h 

1.5 

3,8 

Energy  consumption,  kcal/m^ 

20,800 

5400 

It  is  characteristic  that  flame  spraying  gives  a very  loose,  inhomogeneous 
coating  with  a large  quantity  of  microciacks  and  gas  bubbles.  Use  of  the  radiant 
heat  method  precludes  such  defects,  since  a homogeneous  structure  is  formed. 

Thus,  the  radiant  heat  method  ensures  a 25-30.t  lower  consumption  of  polymer 
powder;  the  efficiency  of  the  method  is  1.5-1. 8 times  greater  than  that  of  the 
flame  method.  Moreover,  application  of  coatings  by  this  method  may  be  carried 
out  in  inert,  explosive  and  inxlamaable  media. 

Rubber  coating.  Rubber  coating  is  a method  of  protecting  a metal  or  other 
surface  from  corrcsion  and  other  attack  by  means  of  rubber.  This  method  can  be 
used  while  simultaneously  molding  the  rubber  with  metal  fittings,  gluing  rubber 

sheets,  or  applying  liquid  rubber-coating  compositions.  The  first  aethod  is  most  'i 

commonly  used  for  articles  where  the  rubber  coating,  in  addition  to  providing  ' 

protection  from  the  working  medium,  also  functions  as  an  elastic  element  of  the 
structure.  The  second  method  is  widely  used  for  protecting  various  reservoirs, 
tanks,  and  housings. 

For  rubber  coating,  use  may  be  made  of  high  molecular  nairit  rubbers,  as 
well  as  special  resin-  and  pastelike  compositions  based  on  nalrits  of  low 
molecular  mass  and  polyurethanes.  Leuconate  glue  and  a chlorinated  nairit  primer 
ate  used  to  increase  the  adhesion  of  liquid  nairic*base  coatings  to  the  surface 
of  metals  and  other  structural  materials. 

Rubber-coating  compositions  based  on  nairits  are  applied  with  a brush,  by 
dipping,  or  by  spraying.  Polyurethane  compositions  are  applied  by  airless  electro- 
static spraying,  since  the  use  of  air-type  paint  sprayers  does  not  produce  quality 
coatings. 
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Rubber-coating  compositions  applied  at  room  temperature  have  optimum  physico- 
mechanical"  properties  14  Jays  after  application.  To  reduce  the  vulcanization  time, 
the  coating  may  be  heated  for  2 h at  120°C  after  exposure  to  air.  In  anti-  /22S 

corrosion  protection  of  small  parts,  coatings  0.3-1. 2 mm  thick  are  used. 

The  coating  quality  is  checked  on  the  basis  of  appearance,  thickness,  adhesion 
to  metal,  and  continuity.  The  appearance  is  checked  visually.  This  involves 
checking  for  the  presence  of  cracks,  depressions,  irregularities,  or  blisters. 

The  coating  film  should  be  smooth  and  of  uniform  color.  The  color  match  is  checked 
by  comparing  with  a standard. 

The  adhesive  strength  of  the  coating  is  checked  on  blank  specimens  coated 
simultaneously  with  the  article.  The  adhesive  strength  is  determined  by  means  of 
the  grid  notching  method  in  accordance  with  GOST  9754-61.  When  a millimeter  grid 
is  applied,  Che  coating  should  not  peel  off. 

The  continuity  of  Che  coatings  is  checked  by  using  instruments  based  on 
different  principles  and  designs,  i.  e.,  electric  spark  and  electrolytic  flaw 
detectors.  The  thickness  of  the  coating  is  determined  with  various  measuring 
instruments,  from  simple  micrometers  to  radioisotopic  thickness  gauges. 


CONCLUSION 


Ac  the  presenc  cime,  poivneric  Mcerials  have  become  some  of  che  basic  /229 

scraccural  materials  used  in  many  areas  of  science  and  technology.  In  ship 
machine  building,  polymeric  materials  began  to  be  used  comparatively  re- 
cently - since  1959-60,  so  that  che  technical  literature  on  this  subject 
is  limited. 

The  presenc  book  makes  an  attempt  to  reflect  the  experience  with  che 
use  of  polymeric  materials  in  Soviet  ship  machine  building. 

Most  widely  used  are  hot-pressed  epoxy  glass  plastics,  since  they  com- 
bine high  strength  and  water  resistance  and  permit  fabrication  of  an  article 
with  a high  dimensional  accuracy  and  surface  finish  without  additional 
mechanical  treatment.  Epoxy  glass  plastics  are  used  in  the  production  of 
ship  propellers,  fairings,  fan  blades  and  turbines.  The  authors  present 
experimental  data  obtained  from  many  years  of  studies  on  che  water,  atmos- 
phere and  erosion  resistance,  short-time  and  long-time  strength  of  hot- 
molded  epoxy-glass  plastics. 

Among  thermoplastic  materials,  the  most  detailed  description  is  given 
for  caprolon,  which  is  widely  used  for  fabricating  bearings  and  other  parts. 

A promising  direction  in  ship  machine  building  is  che  use  of  polymeric 
coatings,  che  most  frequently  used  of  which  is  pentaplast,  which  surpasses 
other  polymers  in  water  resistance  and  adhesion. 

Extensive  adoption  of  polymeric  materials  in  ship  building  cakes  it 
necessary  to  conduct  a number  of  studies  aimed  at  mechanizing  and  automating  /230 
che  technological  processes  involved  in  the  manufacture  of  che  articles  and 
at  developing  reliable  nondestructive  methods  of  control. 

The  adoption  of  polymeric  materials  is  determined  by  the  progress  made 
in  che  chemical  industry,  which  in  che  near  future  should  master  the  produc- 
tion of  such  promising  materials  as  high-strength  polyfunctional  resins, 
polyioldes,  and  epoxyfluoroplastic  films  and  lacquers  equivalent  in  quality 
to  che  best  specimens  of  foreign  polymeric  materials. 

The  material  pertaining  to  coatings  was  written  on  the  basis  of  the 
results  of  studies  and  with  the  participation  of  V.  F.  Afonchenko. 

M.  A.  Mirkin.  L.  S.  Koretskaya  and  T.  I.  Tkachenko  took  part  in  Che 
studies  of  atmospheric  and  water  resistance. 
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